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The Burica Peninsula, situated along the Pacific coast on the
Panama-Costa Rica border, extends to within 15 km of the projected
trend of the Middle America trench axis and provides the thickest
exposure of Neogene, marine sedimentary rocks along the Middle
America margin. A thick section (~ 3,000 m) of gently folded, and
intensely faulted, Pliocene-Early Pleistocene marine sedimentary rocks
unconformably overlie a discontinuous, Paleocene-Eocene limestone
unit which, in turn, overlies a highly fractured, mafic igneous basement.
The basement is similar to late Cretaceous-Eocene igneous exposures
(the Nicoya Complex) on the Osa and Nicoya Peninsulas, 50 and 280
km, respectively, to the northwest.
The Plio-Pleistocene marine sedimentary rocks consist
predominately of laterally continuous, thinly bedded (2-7 cm thick), very
fine-grained volcaniclastic sandstone, siltstone, and mudstone. Benthic
foraminifera in this turbidite section indicate paleo-water depths of 2-3 km
at the base of the section, and <1.5 km at the top. Lithofacies mapping
and paleocurrent patterns indicate at least two major channe-fill
complexes (>3OO m wide), as well a number of smaller (3-15 m wide)
channel-fill deposits. Both the large and small channel-fill deposits
contain clasts up to 15 cm long (a-axis) and exhibit predominately clast-
supported textures. Measurements (231 total) of sole marks (flute and
groove casts), imbricated clasts in conglomerates, and aligned wood
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fragments suggest that paleoflow (S-SSE) was at a high-angle to the
margin. Debris-flow deposits and slump horizons also occur and
account for approximately 3% of the section. Facies patterns, normal-to-
margin paleoflow, and paleobathymetry suggest that the sediments were
deposited on the landward trench-slope of the Middle America Trench.
The well-bedded, Plio-Pleistocene turbidite sequence reveals a
monoclinal structure that dips to the E-NE at 10°-40° away from a
basement highland defined by poorly exposed high-angle reverse(?)
faults. The Medial Fault Zone (MFZ), an inferred 2-3 km wide, north-
trending, right-lateral strike-slip fault system, is approximately coincident
with the Panama-Costa Rica border in the study area. The MFZ
separates the well-bedded turbidite sequence to the east from the pre-
Paleocene basement and overlying Pliocene massive, fossiliferous,
shallow-water(?) muddy siltstones to the west. Numerous normal faults
throughout the Neogene sedimentary cover east of the MFZ show two
dominant trends, N45°E and NBO°E, and appear to have moved
contemporaneously. Displacements along individual faults averages 0.5-
3.0 m. I interpret the observed structures to indicate localized NNE-
directed subhorizontal shortening superimposed on regional NNW-SSE
directed extension in direct response to uplift of the peninsula.
Based on magnetic anomaly reconstructions, impingement of the
aseismic Cocos Ridge on the Panama-Costa Rica volcanic arc is
spatially and temporally correlative with the uplift of the Burica Peninsula.
A 2 km paleodepth, with uplift initiating at the end of the Pliocene,
suggests a long-term uplift rate of 1.25 mm/yr. I suggest that the
magnitude of uplift, as well as the Neogene fault patterns, are best
explained in terms of isostatic adjustments resulting from subduction of
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1 INTRODUCTION
A variety of tectonic models have been suggested for the uplift of
sedimentary cover and basement rocks within the landward trench slope
region of active and ancient convergent margin systems. These models
include: 1) "classic" growth models of subduction accretion (Seely,
1977), 2) a variety of underplating models, including: deep-level
offscraping (Moore et al, 1982), "corner flow" processes (Cloos, 1982),
and duplexing (Silver et al, 1985), 3) attempted subduction of aseismic
ridges ( McCann and Haberman, in press), and 4) arc-continent collision
(Gealey, 1980).
While imbrication and back rotation of thrusts are interpreted for
rocks exposed on some forearc highs such as Nias Island (Moore and
Karig, 1980) and Barbados (Speed and Larue, 1982), it appears that
most imbrication and rotation of thrust-bounded packages occurs in close
proximity (10-15 km) to the trench axis (Shipley et al., 1982). Therefore,
an imbrication/rotation model is an unlikely mechanism to account for
regional uplift of the trench slope. Underplating models are difficult to
verify using present geologic and geophysical methods, although it is
clear that some process of mass transfer of subducted material to the
base of the overriding plate occurs along certain active margins such as
southern Mexico (Moore et al, 1982) and Kodiak Island, Alaska (Pavlis
and Bruhn, 1983). Deformation in the forearc region as a result of
attempted subduction of aseismic ridges has been inferred to explain
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forearc deformation in a number of trench-arc systems (Vogt et al., 1976;
McCann and Haberman, in press). However, only in a few cases has
geologic evidence for this process been well documented (eg. New
Hebrides arc, Taylor et al., 1984; Tonga arc, Dupont and Herzer, 1985).
Collision of a continental margin with an arc has been described in a
number of Neogene (e.g., Timor, Audley-Charles, 1986) and interpreted
for older (e.g., Taconic Orogeny, Rowley and Kidd, 1981) settings and
appears a likely tectonic mechanism for large-scale uplift of forearc and
arc regions.
The purpose of this thesis is to examine the Neogene outer-forearc
evolution of the southernmost extent of the active Middle America margin
along the Pacific coast of Costa Rica (fig. 1) in an attempt to better
understand the tectonic processes uplifting the forearc region in this
area. Of particular interest is the effect of the subduction of the aseismic
Cocos Ridge on forearc deformation within this area (fig. 1 and 2).
The approach of this study is to examine the stratigraphy and
structure within Neogene marine sedimentary deposits which are
presently subaerially exposed on outer-forearc highs of the Costa Rica-
Panama trench-arc system. These Neogene, marine sedimentary
sequences have been described by previous workers on the Nicoya
(McKee, 1985a, 1985b), and Osa (Lew, 1983) Peninsulas in Costa Rica
(fig. 2). The emphasis of this thesis is on the geologic description of the
Neogene sedimentary rocks and structures of the Burica Peninsula in
Costa Rica-Panama because: 1) these deposits are more extensive than
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Figure 1. Present tectonic setting of southern Central America. The
Burica Peninsula study area straddles the southern Costa Rica-Panama
border. The Neogene tectonics of the study area is complicated by the
present-day interaction of the Caribbean, Nazca, and Cocos plates.
South of the Motagua-Polochic Fault Zone (MPFZ), the southern Middle
America Trench (MAT) forms the seismically active boundary between
the Cocos and Caribbean Plates. South of the Burica Peninsula, the
Panama Fracture Zone (P.F.Z.) forms the seismically active transform
boundary between the Nazca and Cocos Plates.
The arrows and adjacent numbers indicate the azimuth and rates (cm/yr)
of Cocos and Nazca plate motions relative to a fixed Caribbean plate
(Minster and Jordan, 1978). (C.R. = Coiba Ridge, M.R. = Malapelo Ridge,
C.T. = Cayman Trough).
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Figure 2. Selected features of the southern Middle America arc-trench
system. The Nicoya, Osa, and Burica Peninsulas form outer forearc highs
composed predominately of Cretaceous-Eocene(?) mafic to ultramafic
igneous rocks which are capped by post-Miocene shelf and slope
deposits. Note the shoaling of the Middle America Trench from a water
depth of greater than 6,000 m to the southwest of the Nicoya Peninsula,
to depths of less than 1,500 m off the Osa and Burica Peninsulas.
Bathymetric contours shown south of the arc system are at I,ooom
intervals; the 200 m contour is dashed. This shoaling of the MAT is
probably a response to shallow (20-30°) subduction of the Cocos Ridge.
Physiographic and geologic features observed arcward of the projected
trend of the Cocos Ridge include: 1) the uplifted Osa and Burica
Peninsulas, 2) an approximately 40 km wide gap in the Quaternary
volcanic chain, and 3) topographic elevations in excess of 2 km within
the volcanic gap, and 4) exposure of deeper level plutonic rocks within
the gap. (Modified from Case and Holcombe, 1980)
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those of equivalent age found on the Nicoya and Osa Peninsulas, and 2)
these deposits represent the most seaward exposure of Neogene, deep
marine sediments found along this portion of the margin. In order to
better understand the outer-forearc depositional environment, and the
deformation history of the area, I mapped the structure and stratigraphy of
a 225 km 2 area of the peninsula at a scale of 1:12,500 over a four month
period. In the discussion I attempt to synthesize information from the
Burica Peninsula and previously described Neogene exposures on the
Nicoya and Osa Peninsulas with the abundant offshore data along the
landward trench slope and shelf of Costa Rica. This synthesis will
provide a more integrated framework for understanding the Neogene
tectonics of the arc-trench system in this area.
2. GEOLOGIC AND TECTONIC SETTING OF THE COSTA
RICA OUTER-FOREARC REGION
2.1 The Panama-Costa Rica arc
The Costa Rica-Panama arc system began as an intraoceanic
island arc system in the Late Cretaceous or Early Tertiary (fig. 4).
Volcanism throughout the Tertiary was more or less continuous in Costa
Rica and western Panama (Bellon and Tournon, 1978). During the
Miocene a major plate reorganization event occurred as the Farallon
plate split into the Cocos and Nazca plates (Hey, 1977). A general
emergence of the Costa Rica-Panama arc system occurred in Miocene
8
Figure 3. Schematic geologic-tectonic map of the Panama-Costa Rica
arc showing the location of major Cenozoic basins (modified from Case
and Holcombe, 1980). Numbers refer to generalized stratigraphic
columns given in figure 4.
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Figure 4. Generalized stratigraphic columns from Costa Rica and
Panama. Numbers above each column correspond to locations on figure
3. Numbers to the right of each column represent the maximum
formation thickness in hundreds of meters. The column on the far right
shows the interpreted tectonic history of the arc system.
Sources for the compilation: Nicova - Baumgartner et al. (1984),
Lundberg (1982); Burica/Osa - this study, Lew (1983); Terraba - Phillips
(1983), Yuan (1984); Bocas del Toro - Weyl, 1980; David - Terry (1956),
Olsson (1942b); Azuero - Recchi and Miranda (1977); Canal (Gatun
- Graham (1984), Woodring and Thompson (1949); Bavano -
Stewart (1966); Darien (San Miguel areal - Bandy and Casey (1972),
Bandy (1970); Colombian Basin - Bowland (1984).
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time (fig. 3 and 4). Miocene plate reorganization and the emergence of
the present arc system have been attributed to the collision of the Costa
Rica-Panama arc system with northern South America (Wadge and
Burke, 1983). In the Costa Rica area the Cocos Plate is presently
converging on the Caribbean plate at a rate of approximately 9 cm/yr
along an azimuth of N3OE (fig. 1; Minster and Jordan, 1978).
2.2 The southern Middle America Trench area
The southern Middle America convergent margin, between the
Nicoya Peninsula and the Panama Fracture Zone (fig. 2), represents a
morphologically distinct segment of the Middle America Trench. The
Middle America Trench in this area shoals from approximately 5 km
depth immediately northwest of the Nicoya Peninsula to less than 2 km
depth off the Osa Peninsula where the Cocos Ridge intersects the margin
(fig. 2). This segment of the trench is further characterized by an irregular
trench to shoreline distance ranging from 30 to 80 km. This variability
appears is partly caused by emergent rugged peninsulas along the
Pacific coast of Costa Rica (the Nicoya, Osa, and Burica Peninsulas).
Discontinuous forearc basins, identified using marine seismic reflection
data, occupy the offshore regions between these peninsular highs
(Crowe and Buffler, 1983).
The active margin offshore Costa Rica provides an excellent
opportunity to integrate onshore and offshore observations of convergent
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margin processes. This is due to the fact that a large marine data set has
evolved for this area during the course of DSDP site surveys and drilling
since 1976. Beginning in 1976 an extensive investigation of the Costa
Rica margin followed earlier work which defined the general geology and
structure of the Middle America Trench system in this area (Worzel and
Ewing, 1952; Ross and Shor, 1965). These early studies were followed
by earthquake and onshore-offshore seismic refraction studies
(Matsumoto et al., 1977, Liaw, 1981), multichannel seimic studies (Crowe
and Buffler, 1984; Shipley and Buffler, 1986; Shipley et al., 1982), high
resolution seismic and Seamarc studies (Shipley and Moore, 1986), as
well as ocean bottom sediment sampling (McMillen et al., 1982). In
addition, a single hole was drilled off the Nicoya Peninsula during Leg 85
of the Deep Sea Drilling Project (site 565, fig. 2).
Onshore, the geology of Costa Rica has been well studied due
mainly to the research efforts at the University of Costa Rica's Central
America School of Geology (e.g. Pichler and Weyl, 1975, Baumgartner et
al, 1984; see Weyl, 1980 for summary of work prior to 1980), as well as
the active interest of outside investigators, particularly on the Nicoya
Peninsula.
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3. GEOLOGY OF THE BURICA PENINSULA
3.1 INTRODUCTION/PREVIOUS WORK
Terry (1941, 1956) conducted the earliest geologic reconnaissance
of the Burica area and interpreted the peninsula to be a fault-bound
block, uplifted in the Pleistocene. He reported a mafic igneous basement
which was locally capped by, or in fault contact with, cherts and
"shallow-water" limestones, and unconformably overlain by a thick
sequence of Neogene marine sediments consisting predominately of
well-bedded "shales". Terry (1941) noted that the thick (1-2 km)
sequence of Oligocene-Miocene sediments which overlie Eocene
sediments to the north in the forearc basin of eastern Costa Rica (Terraba
Trough) and western Panama (David Basin) are absent on the Burica
Peninsula (fig. 3 and 4).
At least one geologic map (Ball Associates, 1958, unpubl.; scale =
1:40,000) and two unpublished reports on the geology of the peninsula
were produced as a result of hydrocarbon exploration efforts in the area
carried out in the late 1940's to the mid-1950'5. A single dry hole, the
Sinclair Corotu #1 located approximately 2 km southwest of Puerto
Armuelles (Plate 1), was drilled by Sinclair Panama Oil Co. to a total
depth of 2,625 m in 1949 in conjunction with these efforts.
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3.2 GEOMORPHOLOGY
The geomorphology of the Burica Peninsula suggests that this is a
tectonically active area. In E-W cross-section the peninsula has a
stairstep profile defining an overall east-northeast dipping, subhorizontal
(2-4°) surface (Terry, 1956). The highest point of the peninsula (729 m)
is found in the northwestern part of the peninsula just 2 km from the
western coast. Along with its overall east-northeast regional tilt, other
geomorphic features found on the Burica Peninsula which suggest
continued, or Recent, emergence include: 1) distinct terrace levels, 2) a
well defined abrasional tidal platform, and 3) a structurally controlled
drainage network.
Stewart (1977) recognized four distinct terrace levels along
northern areas of the peninsula's eastern side at elevations of roughly
20, 30, 40, and 55 m. Only the two lowest terraces can be continuously
mapped on 1:20,000 scale aerial photographs (Plate 1). Only one
terrace level, approximately 1 m meter above mean sea level, is found
along the western coastline. These terraces suggest Quaternary uplift.
The width of the intertidal abrasion platform varies greatly within the
peninsula map area (Plate 1). This 0-1, 500 m wide platform forms a
near continuous rim around the peninsula's coast, broken only where
streams, generally flowing down gradients near perpendicular to strike,
reach sea-level (Plate 1). The wider, southern part of the platfrom
provides spectacular, subhorizontally-planed exposures of the Plio-
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Pleistocene Burica Member (fig. 18 and 19). Lithophagous animals
which graze on these exposures apparently play a key role in
maintaining the position of these platforms relative to mean sea level in
other areas along the Pacicic coast of Costa Rica (Fischer, 1980).
Fischer (1980) also demonstrates that such platforms are indicative of
recent, or continuing, uplift.
Asymmetric drainage networks deeply incise homoclinally dipping
strata of the Burica Member east of the watershed divide (Plate 1).
Subsequent north and south flowing streams superimposed on
consequent east flowing streams east of the water divide form east-
directional trellis patterns over most of the study area (Plate 1).
Eastward, homoclinal shifting of the N-S flowing streams within the
Medial Fault Zone (see section 3.6.2) maintains a high relief (100-300 m)
valley along the "spine" of the peninsula. West of the water divide, short
(1-3 km in length) streams flow down steep, westward gradients to the
sea-level. The head waters of these streams are capturing tributaries to
east flowing streams (Plate 1).
3.3 STRATIGRAPHY AND PALEONTOLOGY OF THE BURICA
PENINSULA
3.3.1 Basement/Early Tertiary Limestone
The basement rock of the Burica Peninsula consists of a highly
fractured and veined aphanitic, mafic igneous rock (fig. 9a) and is
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exposed only in the northwest portion of the peninsula (fig. 5). Stratified
cherts of unspecified thickness are reported to locally overlie basement
(Terry, 1956, p. 34). This basement complex is lithologically similar to
the late Lower Cretaceous-Lower Eocene Upper Nicoya Complex of the
Nicoya Peninsula (Schmidt-Effing et al., 1980). An unnamed and
discontinuous limestone unit containing abundant tests of orbitoidal
foraminifera unconformably overlies the basement complex (Olsson
1942b, Terry, 1956). Olsson (1942a) correlates this limestone unit to the
upper Eocene David Formation 40 km to the northeast of the Peninsula
(location 5 in figs. 3 and 4) based on lithologic similarity. Similar
bioclastic limestone, occurring as an isolated fault block within the basalt
along the upper Rio Penitas (17PKV834150*), contain larger foraminifera
assemblages including Ranikothalisa , Travistapina lepytropi, and
Discocyclina weivri/cristensis suggesting a late Paleocene-early Eocene
age (T. Robinson, 1986, personal commun.). Systematic sampling is
needed to resolve the age of these limestones.
*
Universal Transverse Mercator (UTM) grid location system. The study
area is located within the southeastern 17PKV and northeastern
17PKU 100,000 m grid squares. Only the last six digits will be used to
specify localities (eg. 834150 for this example). See Merrill, 1986 for
further explanation of UTM grid system.
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Figure 5. Generalized geologic map of the Burica Peninsula. East of the
Medial fault Zone (M.F.Z.) strata of the Charco Azul Formation define a
lazy Z-shaped monocline in map view which dips away from an
apparently block faulted, basement complex in the northwestern part of
the Peninsula. The Burica Peninsula is bound on the north by a high-
angle fault which juxtaposes Plio-Pleistocene marine strata found on the
topographically rugged peninsula against Holocene alluvium found near
sea level to the north. To the east the Peninsula is bound by a steep
submarine escarpment where ocean floor depths exceed 200 m only 2-3
km east of the peninsula's shoreline. It is important to note that the
northwest part of the peninsula is not well mapped, because this area is
the topographically highest and least accessible part of the peninsula.
The map pattern shown for this area was compiled from reconnaissance
maps published by Terry (1956) and the Costa Rica government
(Sandoval M., L. F., 1982).
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3.3.2 The Charco Azul Formation
Despite the previous work conducted on the Burica Peninsula, a
systematic description of the Neogene stratigraphy in this area is lacking.
As a result, a number of formation and unit names appear in the literature
describing various portions of this sequence (fig. 6). In this thesis the
Neogene sedimentary rocks of the Burica Peninsula are collectively
grouped as a single formation, the Charco Azul Formation, which I divide,
from the base upward, into the Penitas Member, the Burica Member, and
the Armuelles Member (fig. 7 and 8). Previous workers (Terry, 1956;
Olsson, 1942a,b) have assigned a formation status (the Armuelles
Formation) to the uppermost portion of the Neogene sequence. I believe
a member status is more appropriate because: 1) recognition of the
Armuelles Formation of Olsson (1942a) is largely based on paleontologic
determinations, and 2) this unit appears to be completelygradational with
the underlying sedimentary rocks. A brief description of the proposed
members follows.
- Pliocene Penitas Member
The Penitas member, which unconformably overlies the basement,
crops out only in the northwest section of the study area (fig. 8) and is
particularly well exposed along the length of the Quebrada Penitas
(831103 to 837150). The lower sequence consists of a basal unit 0-30 m
21
Figure 6. Nomenclature used by previous investigators to refer to the
Neogene sedimentary rock types found on the Burica Peninsula. In this
thesis, the entire approximately 3,000 m thick sequence of post-Miocene
strata found on the Peninsula is referred to the Charco Azul Formation.
Three sedimentologically distinct units occur within the Charco Azul
Formation, which I have named the Penitas, Burica, and Armuelles
Members (see text for discussion).
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Figure 7. Generalized composite stratigraphic column of the Burica
Peninsula. Note the abrupt change across the Medial Fault Zone. MFZ =




Figure 8. Facies map of the Burica Peninsula Charco Azul Formation
within the map area. Shallow-water deposits of the Penitas Member are
in fault contact with deeper-water deposits of the Burica Member. The
Burica Member is conformably overlain by the shallow-water deposits of
the Armuelles Member. The turbidite facies of the Burica Member are
classified according to the scheme proposed by Mutti and Ricci Lucchi
(1979). Note the predominance of fine-grained facies D and G deposits
and sporadic along strike occurrences of coarser-grained facies A-C
deposits. Solid dark lines and boxed refer to streams traversed during
this study. The thick solid lined portion of streams with boxed




thick composed of volcaniclastic conglomerate, pebbly sandstone, and
sandstone (fig. 7). Conglomerate beds (836115, 827152) range in
thickness from 0.5 - 4 m and some have channelized bases. These
conglomerate beds are disorganized, predominately clast-supported
conglomerates and consist almost entirely of subangular to rounded
clasts of mafic, igneous rock similar to the basement in a poorly sorted
volcaniclastic, sandy matrix (fig. 9b). Clasts are generally subangular to
subrounded and range in size from 0.3 to 10 cm measured along the
longest dimension (a-axis). These conglomerates typically grade
upward into pebbly sandstones. Within this basal section massive,
sorted, fine- to medium-grained, volcaniclastic sandstone, typically
containing thin (4-16 cm thick) conglomerate lenses, predominate and
are characterized by planar horizons of oblate, calcite-cemented
concretions. Shallow-water macrofossils contained within the sandstone
include sessile barnacles and the gastropods: Thais, Cantharus,
Modiolus (Olsson, 1942a).
This basal unit is everywhere overlain by a massive, dusky blue
green (SBG-3/2, fresh surface) muddy siltstone unit (< 300 m (?) thick).
Bedding is massive. This unit locally contains thin (2-5 cm),
discontinuous horizons of calcite-cemented concretions and scattered
occurrences of broken to well preserved, articulated and disarticulated
bivalves and pelecypods, as well as gastropods, and other macrofossils.
Mudstone fill within these fossils is lithologically identical to the
surrounding mudstone of the Pehitas Member suggesting that the fossils
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Figure 9a) Fractured and veined, basalts exposed at the mouth of the
Rio Pena (850075). These basalts form the basement of the Burica
Peninsula within the study area, b) Basal conglomerate of the lowermost
Penitas Member just above basement (835113). This basal
conglomerate is found as a local, thin (0 - 5 m thick) basement covering
venear and consists almost entirely of basalt clasts (pencil is 15 cm long).
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have not been extensively reworked. These fauna have been well
described by Olsson (1942a). An unusual characteristic of this unit is the
local occurrence of fist-sized, spherical amalgamations of macrofossils
and pebbles in a well indurated silty mudstone matrix. Similar features
have been described from the Pliocene Esmeraldas Formation of
northwestern Ecuador (Hasson and Fischer, 1986). Shark teeth and
fossil plant remains are rare.
Plio-Pleistocene Burica Member
The Burica Member makes up the thick middle sequence of the
Charco Azul Formation and consists of approximately 2,500 m of
interbedded volcaniclastic conglomerates, sandstones, and mudstones
(fig. 7). The Burica Member is well exposed along the major streams
which flow east from the topographic divide of the peninsula into the
Charco Azul Bay (plate 1), and is particularly well exposed during low
tide along the intertidal zone which fringes the southern portion of the
peninsula (eg. fig. 19). These sediments possess sedimentary structures
(graded beds and moderate sorting) characteristic of submarine turbidite
deposits and contain macro- and micro-fossil assemblages indicating
deposition in a deep marine environment (Olsson, 1942a; Coryell and
Mossman, 1942). Because of the good exposure, characteristic turbidite
facies, rich fossil assemblage, and possible implications for deciphering
the gross uplift history of the peninsula, the majority of time spent in the
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field was devoted to the study this member. The turbidite facies, facies
associations, sandstone petrography, paleocurrent/paleoslope data, and
biostratigraphy of this member are discussed in detail in section 3.4.
- Pleistocene Armuelles Member
The Armuelles Member forms the highest stratigraphic unit of the
Charco Azui Formation (fig. 7) and consists of poorly indurated,
interbedded siltstones, sandstones, and pebbly sandstones.
Approximately 200 m of section occur within the northeast section of the
map area where it dips gently to the northeast and is truncated by a
regional WNW-trending high-angle reverse(?) fault (fig. 8). Unlike the
underlying Burica Member, these sediments lack sedimentary structures
typical of turbidite deposits (such as graded bedding) and are poorly
indurated. The basal portion is typified by 10 - 50 cm thick, reverse
graded pebbly sandstones and conglomerates intercalated with thin
bedded siltstones and poorly sorted, fine-grained, sandstones.
Interbedded poorly indurated sandstones and mudstones dominate the
upper portion of the member (fig. 7). The Armuelles Member is
characterized by übiquitous shell fragments and abundant occurrence of
mollusks. Studies of this molluscan fauna (Olssen,l942a) suggest that




Olsson (1942a) studied molluscan faunal assemblages at the base
of the Neogene sedimentary sequence (redefined Penitas Member, cf.
fig. 7) on the Burica Peninsula and recognized Pliocene, shallow-water
assemblages. Higher in the section (the Burica Member), he recognized
a "much deeper water", Pliocene mollusk assemblage, and Pleistocene,
shallow-water mollusk assemblages in the upper-most part of the
sequence (the Armuelles Member). The deeper water assemblages
were suggested to indicate deposition at water depths between 200 -
800 m below sea level (Olsson, 1942a). Coryell and Mossman (1942)
examined foraminifera assemblages from samples collected from the
middle part of the sequence (the Burica Member) and concluded that
these sediments were of Pliocene age, and were deposited at depths of
no less than 800 m below sea level.
More recently, work in progress by Dr. J. C. Ingle at Stanford
University on bethic foraminiferal assemblages from samples collected
along the east coast (the Burica Member) of the peninsula indicate that
these sediments range in age from Pliocene to early Pleistocene and that
the sediments from the lower portion of the sequence were deposited
between depths of 2,000-3,000 m below sea level, whereas the upper
portion of the sequence was deposited at depths of less than 1,500 m
below sea level (Appendix II.B). This interpretation is consistent with
foraminifera analysis conducted by N. L. Engelhart, R. E. Hinote, and K. J.
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Crotty of Amoco Production Co. on nine samples collected from the
Burica Member during the recconnaissance stage of this project
(Appendix II.A). Of these samples, six contain diverse outershelf of slope
benthic foraminiferal assemblages. The other three samples are either
unfossiliferous, or do not contain a diverse enough assemblage to
accurately infer paleodepth environments (Appendix II.A).
3.4 THE BURICA MEMBER: DETAILED DESCRIPTION
The Burica Member accounts for over three quarters (approx. 2,500
m) of the total estimated thickness of the Charco Azul Formation (approx.
3,000 m). Three representative measured sections from the Burica
Member are presented in figure 10. To constrain the depositional setting,
the turbidite facies types, the facies associations, the sandstone
petrography, the biostratigraphy, and the regional paleoflow/paleoslope
patterns found within the Burica Member are systematically described
below.
3.4.1 Turbidite facies
Two predominate lithofacies characterize the Burica member: 1)
resedimented conglomerates, and 2) fine-grained volcaniclastic turbidite
rocks. The lithofacies classification scheme developed by Mutti and Ricci
Lucchi (1978) for deep-marine clastic rocks was used to subdivide these
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Figure 10a. Figures 10a, 10b, and 10c show three measured sections
from widely spaced localities along the Burica Peninsula. Vertical axis
indicates thickness in meters. Column to the right of the vertical axis
indicates the dominant turbidite facies type using the classification of
Mutti and Ricci Lucchi (1979). The thick, solid lines along streams with
boxed names in figure 8 indicate the actual portion of the stream along
which each section was measured. These sections illustrate that the
Burica Member is dominated by fine-grained facies D and G deposits,
and punctuated by coarser-grained facies A-C deposits. These coarser-
grained sequences generally cut into the finer-grained deposits and
represent channel-fill complexes. Unlike typical submarine fan deposits,
the transition above and below coarser-grained facies A-C deposits is
very abrupt, suggesting depostion from rapidly, migrating channels.
Figure 10a.) Rio Corotu measured section. Figure 10b) Rio Melliza





two basic lithofacies. Figure 8 depicts the distribution of these turbidite
facies within the Burica Member.
Sediments belonging to facies A include conglomerate, pebbly
sandstone, and interbedded sandstone (fig. 11a). Except for those
consisting of intraformational mud clasts, the conglomerate consist
primarily of rounded to subangular, equidimensional to prolate clasts of
basaltic rock, with andesitic, chert, and micritic and bioclastic limestone
clasts occurring in subordinate amounts. As pointed out to me by H.
Seyfried the micritic limestone is lithologically identical to the Paleocene
Salsipuedes Formation described on the Osa Peninsula (Lew, 1983;
Azema et al., 1981). Bed thicknesses are highly variable ranging from
less than 30 cm to over 15 m. Clast sizes range from a few millimeters to
generally no more than 15 cm in maximum dimension, with clasts
measuring between 2-4 cm occurring most commonly. The
conglomerate are generally moderately sorted to poorly sorted, and
typically clast-supported.
Individual flow units of this facies locally contain channelized bases
and amalgamated beds. Following Walker and Mutti (1973) the
conglomerates can be broadly classified as organized or disorganized.
Organized conglomerates predominate throughout the Burica Member
and are characterized by: 1) normal grading (fig. 11a), or, less commonly,
inverse-to-normal grading, 2) imbricated clasts (figure 11b), and/or 3) a-
axis alignment of larger (3-10 cm) prolate clasts. Disorganized
conglomerates, lacking internal stratification, textural grading, and well-
Figure 11 a) Facies A interbedded resedimented conglomerate and
sandstone on Burica Island (935862). Note sharp contacts and normal
grading of conglomerate beds, b) Well rounded, imbricated basalt,
limestone, and chert clasts within a 5 m thick, amalgamated, organized,
facies A conglomerate bed along the upper Rio C0r0tu(892146). Scale




defined preferred orientation of clasts are most common at the base of
the Burica Member and commonly contain outsized, intraformational
mudstone blocks, or consist almost entirely of intrabasinal muddy
siltstone clasts derived from the underlying Penitas Member (897047).
Disorganized conglomerates are subordinate and occur locally
throughout the Burica Member.
Facies B deposits are rare within the Burica Member, but do occur
locally (900072, 902011, 925988, and 918983). These deposits are
found as thick (1-4 m), amalgamated sequences of massive, non-
graded, medium to fine-grained sandstone. Channelized bases are rare
and bedding contacts are generally flat and sharp. These sandstone
beds are characterized by: 1) massive bases rangeing from 50-200 cm
thick, typically containing mudstone clasts, and 2) parallel laminations in
the upper fifth of these beds. Facies B sandstone deposits of the Burica
Member are typically overlain by 1-3 m of pebbly sandstone (fig. 12).
Facies C deposits are also rare within the Burica Member.
Sandstone layers generally demonstrate sharp contacts and are typically
10-30 cm thick, consisting of medium- to fine-grained, grayish blue green
(SBG 5/2, fresh surface) sandstone (fig. 13a). Where lower erosional
contacts occur, groove marks and flute casts are found along the base of
some beds. In addition, mud rip-up clasts are found locally at the base of
facies C sandstone beds. Along the southern point of the peninsula a
number of these beds possess channeled bases with a channel lag
consisting of concentrated bivalve fragments (915883). These beds
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Figure 12. Line drawing from photograph of a 2 m thick facies B
massive, volcaniclastic sandstone unit overlain by pebbly sandstone
along the Quebrada Merida (912072). Note the low-angle planar-
crossbeds at the base of the massive sandstone bed. IMC =
intraformational mudclast, VC = vegatated cover. Photo looking to the
NE; hammer (30 cm long) provides scale.
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generally lack a complete Bouma sequence (Bouma, 1962), with Bouma
intervals T
acje or being most common (fig. 13a).
Facies D deposits are by far the most predominate facies type
occurring within the Burica Member (fig. 8 and 10). Average sandstone
bed thicknesses range from 0.3-2.0 cm, with interbedded dark olive
green (SGY3/2, fresh surface) silty mudstone beds typically ranging from
2-7 cm in thickness. Sandstone beds within this facies are very fine- to
fine-grained and range in color from dusky blue green (SGY 3/2, fresh
surface) to dusky green (5G 3/2). These deposits are characterized by
sandstone/mudstone ratios of less than one, sharp bedding contacts, and
laterally continuous and persistant beds (fig. 13b and 18). Bouma
sequences are either ambiguous or not observed with thin, massive, very
fine- to fine-grained sandstone beds dominating. Where Bouma
sequences are observed Tae or Tacje intervals predominate. Locally,
wood fragments are found at the top of the sandstone beds, and, rarely,
define a thin (1-3 mm) continuous wood fragment layer. Locally siltstone
beds are very tuffaceous. Rare thin (2-4 cm), white ash beds are locally
associated with this facies.
Facies E deposits are very minor (<l%) in the Burica Member.
These deposits are similar to facies D deposits except these deposits
possess sandstone/mudstone ratios greater than 1, with sandstone beds
generally having internal bedding structures characterized by ripple-drift
cross laminae and/or planar parallel lamanae. The sandstone beds
typically show a poorly developed grading and wavy or lenticular
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Figure 13. a) Facies C sandstone bed at Punta Burica(93B9Bß)
displaying Tbde Bouma sequence. Note the concentration of wood
fragments and plant debris in the Td sequence, b) Abrupt thinning and
fining upward sequences of facies D-->G deposits exposed along the
intertidal zone 1.5 km south of the Quebrada de Tallo (942898). Photo




bedding, although bedding surfaces defined by sharp flat contacts also
occur.
Facies F deposits constitute approximately 3% of the Burica
Member, and are most common along the southern portion of the
peninsula (fig. 8). These include debris-flow deposits, pebbly
mudstones, slump horizons, and discrete slump blocks. Slump horizons
are most common in strata outcropping along the southern third of the
peninsula (Plate 1). These horizons range from 1 m to zones over 25 m
thick and occur both as chaotic, highly disrupted zones and horizons
involving internally coherent, tightly folded strata (fig. 14a). These slump
horizons invariably involve thinly bedded mudstone (facies G) or thinly
interbedded sandstone and mudstone (facies D) and in all cases are
underlain and overlain by undisrupted strata. Debris flow deposits are of
two types: 1) deposits consisting of abundant macrofossils, rounded
igneous volcanic clasts, and mudstone blocks in a poorly sorted
predominately silty matrix (fig. 14b), and 2) storm (tempestite) deposits
consisting of redeposited coprolites, oyster valves, macrofossils
(predominately molluscs), large mudstone/siltstone blocks, and abundant
oncolites in a siltstone matrix. These deposits range in thickness from 1 -
3 m.
Facies G deposits are widespread throughout the Burica Member
and occur as two types. Type one (G 1) consists of thinly (1 -5 cm) to very
thinly (0.3-1 cm) interbedded siltstones or mudstones. These deposits
are characterized by flat, sharp bed contacts and their lateral persistance
47
Figure 14. a) Facies F slumps within an approximately 25 m thick slump
horizon exposed along the intertidal zone 0.7 km north of the Quebrada
de Tallo (947988). Photo looking east. Measurements of 23 fold hinges
and the direction which they are overturned indicates a N7OE trending,
south dipping slope. Hammer length is 30 cm. b) Facies F depris flow
deposit along the Quebrada Limones (845953). This pebbly mudstone
consists predominately of well rounded, volcaniclastic pebbles and
intraformational mudclasts. Other debris flow deposits within the Burica
Member contain abundant oncolites, copralites (H. Seyfried, 1985,
personal commun.), and oyster shell fragments.
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of bed thickness along strike (fig. 13b). A second type (G2) consists of
massive, homogeneous siltstone/mudstone beds which vary in thickness
from 0.3-1.5 m (fig. 15). G2-type deposits are most abundant within the
upper 300 m of the Burica Member.
Facies G and facies D deposits, together, constitute approximately
80% of the exposed Burica Member.
3.4.2 Facies Associations
The turbidite sediments of the Burica member are dominated by
fine-grained sediments (facies D and G) and punctuated by occurrences
of coarse-grained deposits (predominately facies A). Turbidite lithofaces
associations within the Burica Member differ from modern and inferred,
ancient elastic-dominated submarine fan deposits ( e.g. Howell and
Normark, 1982; Normark, 1978; Walker, 1984), because intermediate-
grained deposits (facies C and E) are minor constituents within this
sequence. In the following facies association discussion the terminology
suggested by Underwood and Bachman (1982) for turbidite systems
within trench settings is adopted. I adopt this terminology for two
reasons: 1) the inferred paleodepths for the Burica Member determined
from foraminifera analysis indicate deposition within a deep-marine
environment (see section 3.3.3) and 2) the spatial relation of the Burica
Peninsula within the Costa Rica arc-trench system suggests that the
peninsula was located within a trench-slope environment during
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Figure 15. Medium- to thick-bedded facies G deposits in stream cut
along the lower Quebrada Manzanillo (928063). These deposits are
common to the upper 300 m of the Burica Member as it becomes
transitional with the shallow-water deposits of the Armuelles Member.
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deposition of the Burica Member (figure 26). The schematic measured
sections from the Burica Member presented in figure 10 are refered to
throughout the following discussion.
The channel-fill association consists of thick interbedded
sequences of conglomerate, pebbly sandstone, and sandstone (fig. 10a,
intervals 20-40 m, 70-150 m; fig. 10b, 75-105 m, 180-210 m).
Intraformational mudstone clast conglomerates and pebbly mudstones
occur locally. The channel-fill association is charcaterized by thick
packets of coarse-grained sequences (facies A/B/(C)) which cut into fine-
grained, thinly interbedded deposits (facies D/G). The transition from the
channel-fill association to these fine-grained deposits is generally sharp,
or occurs over a short (3-10 m) fining- and thinning-upward interval.
The mature slope basin association consisting of sand-dominated
basin-fill sequences is notably lacking throughout the sequence (fig. 10a,
180-240m, 540-615m; fig. 10b, 190-260m). These deposits are similar to
those described for interpreted submarine fan fringe or lobe deposits
(Underwood, 1983) in that they consist predominately of facies (A)/(B)/C
turbidites occurring in distinct fining and thinning, or coarsening and
thickening, upward cycles. Where these cyclic deposits occur they are
typically encased in fine grained, thinly interbedded deposits (facies
D/G). These deposits are interpreted to represent lobes generated by
ponded submarine channels within small intraslope "sediment traps".
The majority of the section within the Burica Member consists of
thinly interbedded turbidite sandstones interbedded with silty mudstones,
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predominately facies D with minor facies C and E. The average
sandstone:mudstone ratio for these deposits is approximately 1:4.
Where vertical cycles are observed they generally define abrupt thinning-
and fining-upward sequences (fig. 13b). These sequences locally
exceed 100 m in thickness (fig. 10a, 280-400 m; fig. 10c, 195-360 m) and
generally grade directly into facies G mudrocks or cyclic thickenibg- and
coarsening-upward packages of the mature slope basin association. In
places thick channel-fill sequences are incised into and encased within
these fine-grained deposits (fig. 10a, 80-150 m; fig. 10b 75-120 m).
Fine-grained, thinly interbedded sequences (facies D/G) account
for approximately 80% of the observed Burica Member exposures. Thin-
bedded turbidite facies occur in just about all modern submarine fan
environments (Nelson et al., 1978; Mutti, 1977). However, the lack of
well developed submarine fan facies (ie. progressions from inner fan->
mid-fan ~> outer fan, etc.) suggests these deposits do not represent
submarine fan deposits. The sequence is however puncuated by a
number of channel-fill deposits. These fine-grained (facies D/G) deposits
probably represent interchannel deposits of the slope association similar
to those inferred by Underwood (1983) in his study of the Yager
Formation of the northern Coast Range of California.
The predominance of fine-grained deposits (facies D/G) may reflect
upslope trapping of coarser-grained sediments higher on the slope, or
down slope by-passing of coarser-grained deposits via submarine
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channels (Underwood and Bachmann, 1982). Facies F, slump horizons
and debris flow horizons are locally associated with these deposits.
3.4.3 Regional paleoflow and paleoslope
A number paleocurrent indicators were used to determine
paleoflow patterns within the Burica Member including: imbricated clasts
and long axis (a-axis) of prolate clasts in facies A conglomerate beds
(Walker, 1975), grooves and flute casts along the base of facies C
sandstone beds, and long-axis (a:b axis ratio greater than 1:5 only) of
wood fragments (MacDonald and Jefferson, 1985) locally found at the
top of facies C sandstone beds (fig. 13a). The consistency of paleoflow
patterns determined from these different indicators suggests that, in this
case, long-axis orientation of clasts in conglomerates, and long-axis
orientation of wood fragments result from regional paleoflow patterns. All
paleocurrent measurements taken from localities where bedding dips
exceeded 15° were corrected for structural tilt by rotating directly to
horizontal.
A total of 231 measurements were made on 11 separate beds (fig.
16). The paleoflow direction deduced from these indicators ranges from
NNW-NNE to NNE-SSW. The paleocurrent data indicate a regional
paleoflow direction at a high angle to the present slope margin. Local
deviations from this pattern may represent flow diverted into small slope
basins.
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Figure 16. Rose diagram plots of paleocurrent data collected from
coarser-grained A-C facies within the Burica Member. A total of 211
measurements were taken from 11 widely spaced localities. Each rose
diagram represents data taken from a single bed, or a group of adjacent
beds. The 2 letter designation and number indicates the type of
paleocurrent indicator and number of measurements, respectively,
collected from each locality. All data has been corrected for structural tilt
by rotating directly to horizontal.
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The trend and plunge of fold axis were measured on all folds within
the slump horizons which are common to the southern part of the
peninsula (fig. 8). Downslope disintegration may be responsible for the
chaotic nature of most of these horizons, where folds display a wide
range of orientations. A single, slump horizon 25 m thick, however
contains a narrow range of orientations (fig. 14a). Thirteen
measurements from this horizon suggest a paleoslope trend of S7OE.
This trend is consistent with the paleoflow patterns.
3.4.4 Source-jama
Nine sandstones from the Burica Member were selected for
petrographic analysis in order to: 1) document their composition, and 2)
infer their source area. These samples were collected over a 2,000 m
interval (Appendix I) and are representative of the sandstones that occur
throughout the Burica Member. Medium-grained sandstones were
preferentially selected, although fine-, and coarse-grained samples were
used where medium-grained sandstone was unavailable. Framework
grain components, matrix, and cement types were identified and
classified according to the criteria of Dickinson (1970), and Graham and
others (1976). Two hundred detrital framework grains were counted for
each sample. To insure that the lithic (L) parameter includes only
aphanitic fragments, phenocrysts greater than 0.625 mm occurring in
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rock fragments were counted as individual grains (Dickinson, 1970). The
point count data are presented in Tables 1 and 2 of Appendix I.
All samples are quartz-poor, lithic-rich volcaniclastic sandstone,
and can be classified as lithic arenites or feldspathic litharenites (Folk,
1974) Texturally, all samples are submature, consisting of moderate to
poorly sorted, angular to subrounded detrital grains, and little interstitial
matrix, other than pore-filling calcite cement. Early calcite cement is
typical of clastic marine sediments in volcanic arc settings (Galloway,
1974).
Detrital framework modes were calculated for quartz, feldspar,
pyroxene plus amphibole and opaques, and lithic fragments (Appendix
I). The predominate detrital framework grains (DFG) are volcanic lithic
fragments, plagioclase, and pyroxene and opaques, averaging 48%,
14%, and 16%, respectively. Sedimentary rock fragments, composed of
silt-sized, volcaniclastic lithic and plagioclase grains, are less common
(7% average) and range from trace amounts to 22% of the detrital
fraction (Appendix I). Quartz makes up 1-5% of the detrital fraction and
occurs most frequently as polycrystalline quartz of probable plutonic
origin. Hornblende and biotite are both present, but constitute less than
2% of the detrital framework grains. Figure 17 summarizes various grain
populations found in the sandstones of the Burica Member.
Plagioclase is present as euhedral to subhedral grains and
phenocrysts, angular grains, and microlites in volcanic rock fragments.
Albite and Carlsbad twinning are observed, as well as normal, reverse,
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Figure 17. Q-P-L, Lmq-Ls-Lv, and v-m-l plots for nine sandstone samples
showing the detrital fraction of these sandstones consists predominately
of volcaniclastic lithic grains. The v-m-l plot shows that of the
volcaniclastic lithic grains a significant proportion are lathwork grains
suggesting a contribution from a mafic igneous source area, in addition
to the undissected, volcanic arc active in Pliocne time. Q=quartz,
P=plagioclase, L=lithic grains, Lmq=lithic grains consisting of
microcrystalline quartz, Ls=sedimentary lithic grains, Lv=volcaniclastic
lithic grains, v=vitric-textured volcaniclastic grains, m=microlitic-textured
volcaniclastic grains, Wathwork-textured volcaniclastic grains. Criteria
used to diffentiate and identify these three types of volcaniclastic grains
are those of Dickinson (1970).
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and oscillatory zoning. Embayments, and inclusions of devitrified glass
and apatite are also common. Fresh plagioclase is abundant although
many plagioclase grains show the effects of weathering and/or
replacement by calcite, chlorite, sericite and albite(?). Potassium
feldspar occurs in trace amounts only.
Pyroxene is present as both clinopyroxene (predominate) and
orthopyroxene (subordinate). Pyroxene makes up 8-21% of the detrital
fraction of the Burica Member sandstones examined and occurs as
subrounded to angular detrital grains, and as subhedral to euhedral
crystals in volcanic rock fragments.
The detrital fraction is dominated by lithic fragments, averaging
67%, and ranging from 54-71%, for all samples studied. Volcanic rock
fragments are the most common and range in abundance from 32% to
59% of the detrital fraction for samples in this study. Plutonic rock
fragments are rare and metamorphic rock fragments are absent. Due to
inherent difficulties in differentiating chert, vitric-textured grains devitrified
to microcrystalline quartz, and felsites under the microscope,
microcrystalline quartz was counted as a seperate detrital mode (Lmq).
Textural criteria (Dickinson, 1970) was used to identify second order
vitric, microlitic, and lathwork (v, m, I) modes due to the high percent of
volcanic lithic grains in these sandstones (fig. 17).
Average QPL% for these sandstones is Q4P161-BO; the range is
Ql-5 This lithic rich content, along with the the paucity of
quartz suggests an undissected volcanic arc provenance (Dickinson and
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Suczek, 1979). The fact that the now inactive volcanic arc, located 25 km
inland from the Burica Peninsula (the area at elevations > 2 km in fig. 2),
was active during Pliocene time supports this contention (Bellon and
Tournon, 1978). Average vml% for these sandstones is V4gm24128i *he
range is V3O-66 m 9-3717-44* terms of vml% sandstones from the
Miocene Curre Formation found in the Terraba Trough forearc basin
northwest of the Burica Peninsula (location 3 in fig. 3) contain less than
1% lathwork-textured volcaniclastic grains (Lowery, 1982). The relatively
high percent of lathwork-textured volcaniclastic grains found within the
Burica sandstones suggests a contribution from a mafic igneous source
(Dickinson, 1970). The paucity of such grains in the Miocene Curre
Formation suggests that this source was local.
3.5 SUMMARY AND INTERPRETATION OF THE CHARCO AZUL
FORMATION
I interpret the Penitas Member (>3OO m thick) to represent
sedimentation in a shallow-water environment, based primarily on the
massive, extensively bioturbated, muddy siltstone containing abundant
shallow-water mollusks (Olsson, 1942a) which constitute the greatest
thickness of this Member. The fact that the lithology of the mudstone fill
within mollusk shell does not differ from that of the surrounding
sediments supports this conclusion.
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The Burica Member is an approximately 2,500 m thick marine
turbidte sequence. The lowest exposed 150-200 m of the Burica
Member is characterized by abundant resedimented conglomerate
(facies A). Sandstone occurs within this conglomeratic section as thin
beds interbedded with mudstone (facies C/D), and less commonly, as 1-5
m thick amalgamated sets (facies B). The conglomerate beds are
generally overlain by abrupt fining- and thinning-upward sequences of
interbedded sandstone-mudstone couplets (facies C and D) over
intervals ranging from 2-35 m in thickness (fig. 10). Wood fragments are
locally associated with these deposits, and rarely, define thin wood
fragment-laden horizons in the upper part of sandstone beds (fig. 13a).
The paleocurrent data from the coarser-grained facies indicates a SSW
to SSE paleoflow direction (fig. 16). The abundant conglomerate, the
proportion of intrabasinal mud-clasts, the narrow paleoflow range, and
the sharp or rapid transition into interbedded finer grained deposits
suggest basin infilling along steep slopes containing: 1) incised, rapidly
migrating channel systems on the order of 300-500 m wide (Plate 1), and
2) smaller channel deposits (3-15 m wide).
The lower conglomeratic sequence is overlain by a thick
(approximately 2,000 m) sequence characterized by the predominance
of monotonous, thinly interbedded, fine-grained sandstones and
siltstones (facies D/G). These beds are characterized by flat, sharp
contacts and paucity of sedimentary structures. Thinly- to very thinly-
bedded (0.2 - 2.0 cm thick), very fine- to fine-grained volcaniclastic
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sandstones are generally massive, although the upper few millimeters
are locally parallel laminated. The interbedded dark olive green
(SGY3/2, fresh surface) siltstones are generally thicker (2-8 cm) and other
than trace fossils no sedimentary structures are apparent. Trace fossil
assemlbages include the Chondrites and Zoophycus associations (Dr. H.
Seyfried, 1985, written comm.). Tuffaceous siltstone horizons occur
locally throughout the unit. The monotony of the sequence is broken by a
small number of 2-6 m thick, channel-fill sequences consisting
predominately of resedimented conglomerate (fig. 8). The deep-water
foraminiferal asssemblage contained within these rocks, the overall fine-
grained nature of these deposits, the occurrence of slump and debris-
flow deposits, and the sporatic occurrence of channel-fill deposits
suggest deposition within a trench-slope environment.
The uppermost 200 m of the Burica Member is characterized by: 1)
thinnly interbedded siltstones and sandstones, 2) medium to thick
bedded mudstones containing thin, discontinuous to continuous, very
fine to fine grained sandstone, and 3) thick-bedded, massive siltstones
(fig. 15). The uppermost section of the Burica member differs from the
underlying "turbiditic" sequence in that: 1) siltstone beds are thicker
bedded and more abundant, 2) thin (1-4 cm) sandstone beds typically
possess parallel laminated bases and ripple cross-laminated upper
parts, 3) the sandstone horizons generally contain abundant shell
fragments and turrids and are less well indurated. This transition
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upsection into the Armuelles Member is completely gradational
suggesting rapid basin infilling and shallowing upsection.
The Armuelles Member (>2OO m) is interpreted to be shallow-water
deposit based primarily on: 1) the lack of sedimentary structures
suggesting gravity flow dominated sedimentation, and 2) the shallow-
water mollusk assemblage found within these poorly indurated rocks
(Olssen, 1942a). The fact that the Armuelles Member is now subaerially
exposed indicates that the Burica Peninsula became emergent some
time after early Pleistocene time (Terry, 1956).
In vertical profile the Charco Azul Formation appears to be a single
transgressive-regressive sequence which was strongly influenced by late
Neogene vertical displacements of the Burica Peninsula. A period of
rapid subsidence during the Early Pliocene was followed by gravity-flow
driven deposition until the early Pleistocene. The locally thick basaltic
basal conglomerate unconformably overlying the basement and the
relative abundance of lathwork-textured volcanic rock fragments
constituting the detrital framework of examined sandstones indicates
both a mafic igneous source area and an undissected volcanic arc
source area. Terry (1956) suggests that Miocene(?)-Pliocene
subsidence of the peninsula may have occurred as the fault block
subsided more rapidly on the northeast side, which could explain the
thickness (760 m) of the basaltic basal conglomerate encountered in the
Coratu #1 well (Plate 2, cross-section C-C'). The relative abundance of
lathwork-textured volcaniclastic rock fragments in examined sandstone
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samples suggests local basement exposures along a topographically
rugged basin floor during deposition of the Burica Member. The Burica
and Armuelles Members are interpreted to represent basin infilling and
seaward, downslope progradation of clastic deposits, predominately from





Despite a complex tectonic setting, the structures developed within
the sedimentary cover of the Burica Peninsula are relatively simple. The
Burica Peninsula consists of an uplifted basement block whose
sedimentary cover is tilted to the east and northeast at an average
inclination of 10-20° (Terry, 1956; Plate 2). To the north, the Burica and
Osa Peninsulas are bounded by WNW-trending, high-angle(?) faults. In
the Burica area a NW-trending fault separates the topographically higher
peninsula (elevations up to 700 m) from a Quaternary alluvial plain at
near sea-level to the north (fig. 5 and 18). On LANDSAT imagery, a
topographic break just northeast of the Osa Peninsula forms a prominent
lineament (fig. 18) separating Cretaceous basement rocks and overlying
Pliocene marine sedimentary rocks to south from a monoclinal,
northeastward dipping sequence of Eocene-Pliocene sedimentary rocks
(Henningsen, 1966; Heywood, 1983). These northwest-trending faults
are the direct continuation of a 620 km long, N6O°W-trending regional
fault system extending across the Azuero and Sona Peninsulas in the
southeast to the Nicoya Peninsula in the northwest (Corrigan and Mann,
1985; fig. 3). The structure of these NW-trending, block-bounding faults
has not been mapped in the Burica-Osa area.
A major bathymetric scarp with local relief in excess of 1,000 m
separates the Burica Peninsula from the deep water area of Charco Azul
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Figure 18. Color enhanced MSS-LANDSAT image (scene I.D. #21461-
14582, taken on Jan. 22, 1979; courtesy of the Remote Sensing Group,
Amoco Production Co.) of the Burica (right) and Osa (left) Peninsulas
and the adjacent forearc area. North is at the top of the scene. The NW-
SE width of the Osa Peninsula is approximately 60 km. Note the
Quaternary alluvial plain at near sea-level which is juxtaposed against
the neck of the topographically rugged Burica Peninsula. Immediately
arcward of the Osa peninsula a topographic break defines a prominent,
very straight, NW-trending lineament This lineament marks the
southwestern boundary of the Fila de Costena (coast range), an arcward
dipping monocline which exposes a thick (~ 5,000 m) section of Eocene-
Pleistocene of the forearc basin sequence (location 3 of fig. 3 and 4).
Further arcward the Valle General (blue color) separates the coast range
from the actively eroding, dissected arc (top of image).
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Bay and marks the eastern block-boundary of the Burica Peninsula (fig.
5). The seafloor beneath Charco Azul Bay drops to depths of greater
than 200 m just 1-2 km from the eastern shore of the Burica Peninsula
(Terry, 1941; fig. 5). The southwestern block-boundary of both the
Burica and Osa Peninsulas is marked by a thrust contact between the
underriding oceanic Cocos plate and the overriding Caribbean arc plate
(fig-1).
Because structure observed within the post-Miocene sedimentary
rocks of the Burica Peninsula have formed within the past 5 m.y., these
young structures provide important insights into the complex late
Neogene deformation that has created the fault-bounded block of the
present Burica Peninsula.
3.5.2 Medial Fault Zone
Stratigraphic evidence (fig. 7), geomorphic features, disrupted
bedding, and localized tepid springs and methane(?) gas seeps (Plate
1), suggest that a 2-3 km wide, north-trending, high-angle fault zone
intersects the southwest coast of the peninsula between Punta Vanegas
(878015) and Punta Palito (890994) and extends north over a distance of
at least 15 km to the headwaters of the Rio Corotu (890144 to 885144) in
the north part of the map area (fig. 8; Plate 1). I have named this fault
zone the Medial Fault Zone (MFZ), because the zone strikes
approximately parallel to the geographic center of the peninsula and the
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Panama-Costa Rica border. The trace of the inferred fault zone
coincides with a 2-3 km wide, north-trending valley which is prominent on
aerial photographs, and topographic maps (section 3.2; Plate 1).
East of the MFZ, no basement rocks are present and only
sedimentary rocks of the Burica and Armuelles Member are exposed.
Within the MFZ, near-vertically dipping strata of the Burica Member occur
as discontinuous, fault-bounded slivers within the poorly exposed,
massive, fossiliferous siltstones of the Penitas Member (875145 and
880098; Plate 1). West and northwest of the MFZ, sedimentary rocks of
the Penitas Member unconformably overlie extensive exposures of the
basement complex, which outcrop locally along northwest-trending, high-
angle faults (figure 5).
The MFZ appears to be a major dislocation across which large
vertical, and perhaps accompanying horizontal motions, have juxtaposed
lower stuctural levels to the west (basement and the Penitas Member)
against higher structural levels to the east (Burica and Armuelles
Members; fig. 7). The minimum vertical displacement across the MFZ is
estimated to be 800 m (Plate 2).
3.5.3 Folds
East of the Medial Fault Zone, the Plio-Pleistocene strata of the
Burica Member define a gentle monocline with dips generally decreasing
from southwest ( >4O°E-NE) to northeast (<lO°E-NE) (Plate 1). Bedding
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strikes, which gradually change from a generally NW-strike to a N-strike
adjacent to the MFZ, define a lazy, Z-shaped pattern (fig. 5). A north-
trending, concave to the east, gently folded, syncline and anticline pair is
superimposed upon the monocline in the Puerto Armuelles area (fig. 5;
Plate 1). The most prominent of these folds is the Corotu syncline (Plate
2, cross-section C-C').
3.5.4 Mesofaults
Numerous, high-angle, normal faults with displacements generally
between 1-3 m were mapped within the well-bedded sedimentary rocks
of the Charco Azul Formation. Spectacular examples of this style of
faulting are found in rocks exposed on the intertidal abrasion platform
(fig. 19 and 20). Detailed mapping of a part of this intertidal exposure
zone, here informally refered to as the Tallo Intertidal Zone Area (TIZA;
fig. 20 and 21), provides constraints on the style of post-Pliocene
deformation which has affected the peninsula. Attitude, magnitude, and
sense of separation data were collected from approximately seventy fault
planes which are well exposed in the intertidal zone (fig. 22). Fault
orientation data were not corrected for structural tilt because: 1) I find no
evidence (i.e. syndepostional faulting, soft-sediment deformation) to
suggest that faulting occurred prior to tilting, and 2) gentle dip of beds (5-
30°) does not significantly change fault attitude, and 3) late Quaternary,
NE-trending faults found along the Pacific coast of Costa Rica (Fischer,
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Figure 19. a) Straight, N45°E trending faults cutting facies D deposits.
Note the apparent left- and right-lateral horizontal separation of the
reddish brown horizon. These apparent offsets are interpreted to be the
result of predominately normal, dip-slip motion along conjugate faults, b)
Line drawing from photograph of downdropped block between a pair of
NE-trending conjugate normal faults near the mouth of the Rio Corotu
(932132). Hammer length is 30 cm.
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Figure 20. Low-tide, aerial photograph of a portion of the 0 - 1,300 m
wide intertidal abrasion platform which locally fringes the Burica
Peninsula (photo provide by R. Stewart). The location is shown by the
boxed area in the inset. The immediate area of this portion of the
intertidal platform is here informally named the "Tallo intertidal zone
area" for the Quebrada de Tallo which flows into the ocean at the
southwestern most portion of the photo. Note the dense pattern of fault
traces which displace bedding traces of predominately facies D turbidite




Figure 21. Line drawing of the Tallo intertidal zone area. Boxed region
indicates area of aerial photograph shown in figure 20. Bedding traces
shown are thicker beds which can be clearly traced across the intertidal
zone on available aerial photographs. The dip of these beds ranges
from 20-40° NE with beds steeping progressively to the southwest. Two
fault trends predominate, one at approximately N45°E, and a second at
approximately NBO°E. Offset relationships indicate that both sets
operated penecontemporaneously. Approximate extent of intertidal zone
exposures is that for maximum low tide.
77
78
1980) and frequent earthquakes in the Burica area (Adamek, 1986)
suggest that some of the faulting may be very recent and post-date tilting.
Slickenside striations along the fault planes were not observed in the
intertidal zone because of the very low relief, subhorizontal exposures on
the intertidal abrasional platform. However, geometrical relationships
indicate that the mesofaults found in the Tallo intertidal zone area
possess predominately normal, dip-slip displacements. A summary of
characteristics of the mesofaults exposed on the TIZA and in river cuts is
given below:
1) northeast- to east-trending, southeast to south dipping
faults consistently display right-lateral horizontal
separation of bedding, while northeast- to east-trending,
northwest to north dipping faults consistently display left-
lateral horizontal separations (fig. 22)
2) contour plots of poles to fault planes show two sets of
faults with near conjugate orientation, defining in all, four
sets of steeply dipping faults with orthorhombic symmetry
(i.e. on equal area stereonet plots, pole concentrations
are orthorhombically disposed about a mirror-plane,
Reches, 1983a) (fig. 23)
3) all four sets of faults show an equal range of bedding
separation, generally between 0.5-3.0 m.
4) faults measured in streams which cut through the Burica
Member, where vertical relations can be determined,
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Figure 22. Equal angle, lower hemisphere stereographic projection of
poles to fault planes measured within the Tallo intertidal zone area
(figure 21). The stereogram on the left (a) shows poles to all fault planes
measured. The stereogram on the right (b) shows poles to fault planes of
all faults for which separation of bedding could be measured. Most E-NE
striking, SE dipping faults show right-lateral sense of horizontal
separtion, while most E-NE striking, NW dipping faults display left-lateral
horizontal separation of bedding. Magnitude of separation in both cases




Figure 23. Comparison of equal area, lower hemisphere stereonet
projections of contoured poles to fault planes from the Tallo intertidal
zone area (left) and all other faults measured from the Charco Azul
Formation (right). Note that the pole patterns show orthorhombic
symmetric about an approximately N3O°W, vertical plane. The similar
orientations of poles from the two stereograms suggests that the style of
mesofaulting observed within the Tallo area is representative of the style
of mesofaulting which occurs throughout the post-Miocene section.
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have similar orientations to those found in the Tallo area
(fig. 23) and show normal senses of displacement.
5) No set of faults consistently offsets the other suggesting
that both conjugate pairs developed contemporaneously.
Figure 24 summarizes the style of mesofaulting interpreted for the
Burica Peninsula. Despite the lack of slip direction indicators,
geometrical relations indicate that the mesofaults in the Tallo area are
predominately normal, dip-slip faults. This style of mesofaulting is
believed to be representative of the Burica Peninsula based on the
similar orientation of all other mesofaults measured from the Charco Azul
Formation (fig. 23).
3.5.5 Interpretation
Based on field relationships and detailed structural analysis I
suggest that following deposition and lithification(?) of the turbidite
sedimentary rocks of the Burica Member the Burica area experienced a
component of subhorizontal, NNW-SSE and NW-SE directed extension.
Field relationships indicate that both sets of conjugate faults formed
contemporaneously, suggesting that this deformation did not occur under
biaxial or "plane" strain conditions. Reches (1983 a, 1983b) has
presented theoretical and experimental evidence which suggests that,
within a triaxial, or three-dimensional, strain field, four sets of faults in
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Figure 24. Block diagram illustrating the offset relations observed within
the Tallo intertidal zone area. The two predominant fault trends have
approximate orientations of N45°E and NBO°E. Each trend consists of
two sets of faults dipping in opposite directions. Therefore, the Tallo
intertidal zone area is characterized by four predominate sets of faults.
Within the intertidal zone only relationships on a 2-dimensional
horizontal surface are observed. Dashed arrows show observed sense
of horizontal separation. These 2-dimensional observations indicate that
these faults possessed predominately normal, dip slip displacements.
Observed faults of similar orientations measured along stream traverses,




orthorhombic symmetry are required to accomodate deformation, if all
strain is accomodated by slip along fault planes. Under such strain strain
conditions, none of the principal radii of the strain ellipsoid describing the
deformation have unit length (Hobbs et al., 1976), and elongation would
occur simultaneously in two directions. This type of complex strain
pattern could lead to contemporaneous movement on the conjugate
mesofault systems observed on the Burica Peninsula. Pleistocene
development of the roughly N-striking, steep bathymetric scarp bounding
the present Burica Peninsula to the east (fig. 5) would have provided an
"unconfined" edge, and may provide an explanation for the non-planar
strain conditions suggested by this style of mesofaulting.
I interpret the outcrop relationship between the pre-Paleocene
basement, Pehitas Member, and the Burica Member as follows.
Accompanying, and possibly preceding, regional uplift, the northwestern
portion of the Burica Peninsula experienced SW-NE directed shortening
as basement blocks were brought up along predominantly northwest-
trending, high-angle, reverse faults (fig. 25). The MFZ represents a N-
striking, right-lateral shear zone. As the orientation of faults constituting
the MFZ gradually changes to a more NW-strike, NE-directed shortening
west of the MFZ is accomodated (fig. 25). However, NE-directed
shortening is unlikely to have involved the whole peninsula, or to have
been the primary mode of deformation causing vertical displacement of
the peninsula. East of the MFZ there is no direct structural or
biostratigraphic (J. Ingle, 1986, personal commun.) evidence of repeated
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Figure 25. Summary of structural elements of the Burica Peninsula (MFZ
= Medial Fault Zone, dif = dashed where infered), showing preferred
interpretation. The structural geology of the northwestern part of the
Burica Peninsula is speculative, however, the fact that the greatest
topographic elevations on the Burica Peninsula are found in this area (up
to 700 m) suggests that this may represent a "push-up" along steeply
dipping, NW-trending reverse faults which accomodated right-lateral
strike-slip motion along the MFZ. See text for further discussion.
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sections, thrust faults (sensu stricto), or NW-trending folds. East of the
MFZ, regional uplift, the presence of an eastern block-bounding fault (fig.
25), and perhaps right-lateral shear along the MFZ, produced the
complex extensional strain patterns (NE- and E- trending, high-angle
normal faults) observed in the turbidite rocks of the Burica Member (fig.
25). More data from the MFZ and the northwestern part of the Burica
Peninsula is needed to confirm this interpretation. While further evidence
is needed to better define the structure of the northwest portion of the
peninsula I believe the most important factor responsible for the
observed outcrop pattern was localized, right-lateral strike-slip
displacement along the MFZ, superimposed on the regional vertical
displacement of the Peninsula. This vertical displacement was probably
accomodated along the northwest-trending regional fault (fig. 25)
separating the Burica Peninsula from the Quaternary alluvial plain to the
north.
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4. REVIEW OF THE GEOLOGY OF THE NICOYA AND OSA
PENINSULAS
4.1 THE NICOYA PENINSIII A
4.1.1 Basement-the Nicova Complex
The Nicoya Peninsula occurs as a large fault block located in the
outer-forearc region of the Costa Rica-Panama arc system (fig. 2). The
basement of the peninsula appears to represent the upper portion of an
ophiolite sequence, and is similar to other basement outcrops found on
the peninsulas and islands along the Pacific coast of Costa Rica and
Panama, as well as those found in eastern Panama and western
Colombia (Bourgois et al, 1982; Goossens et al., 1977; Case, 1974). The
ophiolite sequence in Costa Rica is named the Nicoya Complex, after the
excellent exposures found on the Nicoya Peninsula (Dengo, 1962).
Scmidt-Effing and others (1980) recognize three fundamental units within
this basement complex: the Lower Nicoya Complex, the intercalated
radiolarite series (Punta Conchal Formation), and the Upper Nicoya
Complex. The Lower Nicoya Complex consists of an unknown thickness
of gabbro, diabase, massive basalt, and minor plagiogranite and
tholeiitic pillow lava, and is interpreted to represent primary oceanic crust
of Late Jurassic age (Schmidt-Effing et al., 1980; Wildberg et al, 1981).
The overlying intercalated radiolarite series (Punta Choncal Formation of
Gursky and Schmidt-Effing, 1983) separates the Lower and Upper
Nicoya Complex and consists predominately of rhythmic, thin-bedded,
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Figure 26. Comparison of generalized stratigraphic columns from outer-
forearc localities (figure 2) where Plio-Pleistocene marine strata are
exposed. Note that Plio-Pleistocene shelf and/or slope deposits
unconformably overlie a mafic igneous basement on the Nicoya, Osa,
and Burica Peninsulas. The Burica and Osa Peninsulas display similar
stratigraphic records suggestings that both are part of a single outer-
forearc block. The Nicoya Peninsula differs from the Burica and Osa
Peninsulas in that a discontinuous sequence of late Cretaceous-late
Oligocene marine strata is found on Nicoya. Post-Early Pleistocene uplift
of the Burica and Osa peninsulas is spatially correlative with attempted
subduction of the Cocos Ridge along this segment of the margin.
The fact that mafic igneous basement outcrops only along outer-forearc
highs, and has not been documented arcward of these areas, suggests
that similar mafic rocks may form the "accretionary complex" underlying
the offshore slope apron.
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and massive radiolarian-rich cherts which range in age from Tithonian to
late Aptian and attains a maximum thickness of 50 m (Gursky and
Schmidt-Effing, 1983; Hein et al., 1983). The Upper Nicoya Complex
ranges in age from late Lower Cretaceous-Lower Eocene and consists of
an approximately 2-3 km thick sequence of predominately massive
basalts and pillow lavas with a subordinate amount of pillow and
volcanoclastic breccias, and deep-water sediments (Schmidt-Effing et al.,
1980).
4.1.2 Neoaene marine sedimentary rocks
Locally overlying the Nicoya Complex are approximately 2,000 m
of predominately arc-derived sediments (fig. 26) representing
discontinuous deposition from Early Campanian through Pleistocene(?)
time (cf. Baumgartner et al., 1984; Lundberg, 1982). Lundberg (1982)
interprets the Campanian-Eocene sediments to be forearc basin and
trench slope sediments associated with the initiation of subduction, while
Eocene and younger deposits are interpreted to represent "shallow-
water" clastic and carbonate sediments deposited landward of a trench
slope break. However, certain aspects of this interpretation are not
supported by recent findings, and in particular with respect to the
Pliocene Montezuma Formation.
The Montezuma Formation outcrops along the southeastern most
portion of the Nicoya Peninsula (fig. 2) where it unconformably overlies
the Nicoya Complex, as well as older sediments. The Montezuma
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Formation reachs a maximum thickness of 120 m and consists of a 1-3 m
thick basal conglomerate overlain by medium- to coarse-grained, planar
and cross-stratified sandstones containing numerous pebby and/or shell-
rich horizons which, in turn, grade upward into finer grained, massive
sandstones (Lundberg, 1982). While the Montezuma formation has
previously been considered to range in age from Miocene to Lower
Peistocene (Baumgartner et al., 1984; Lundberg, 1982; Dengo, 1962),
recent studies of planktonic foraminifera assemblages indicate that
deposition of the Montezuma Formation occurred during the Early
Pliocene (McKee, 1985a, b).
Based predominately on sedimentological criteria the Montezuma
Formation has been interpreted to represent a shallow-water, near shore
deposit (Lundberg, 1982). However, McKee (1985a, b) studied benthic
foraminifera assemblages collected from this formation and found that
these sediments were deposited at water depths no shallower than the
outermost shelf (200 m), and were probably deposited at upper slope
depths or greater (>2OO m). Since Early Pliocene deposition of the
Montezuma Formation the southeastern portion of the Nicoya Peninsula
has experienced at least 300 m of uplift (McKee, 1985a).
4.2 THE OSA PENINSULA
4.2.1 Basement
The Osa Peninsula is located 50 km to the west of the Burica
Peninsula and, like the Burica Peninsula, also represents an outer-
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forearc high (fig. 2). The geology of the Osa Peninsula has recently been
described by Lew (1983) and is summarized below.
The Lower Nicoya Complex is not exposed on the Osa, but its
existence is inferred from Mesozoic cherts (Schmidt-Effing, in Lew, 1983)
found as xenoliths within basalt. Xenoliths of Mesozoic sediment
incorporated into basalts are one of the most distinct characteristics of the
Upper Nicoya Complex on the Nicoya Peninsula (Wildberg and
Baumann, 1985). Basalts also intrude alternating thin-bedded (1-4 cm)
micritic limestones and thinly-laminated (3-5 mm) clays which locally
overlie, or are in fault contact with, the basaltic basement of the
peninsula. This limestone unit (Salsipuedes Formation) has been dated
as early-late Paleocene based on planktonic foraminifera determinations
(Azema, et al., 1981). The extensively spilitized, tholeiitic basalts
exposed on the Osa Peninsula are believed to be no older than late
Paleocene based on intrusive relationships and dated xenoliths of chert
and siliceous sediments found within these rocks (Lew, 1983).
4.2.2 Neoaene marine sedimentary rocks
As on the Burica Peninsula, no record of middle Tertiary rocks have
been found on the the Osa Peninsula (fig. 26). middle to late Pliocene
(Dr. J. Ingle in Lew, 1983) turbidites (Punta La Chancha Formation of
Lew, 1983) unconformaly overlie the basalts and Early Tertiary
sediments. This Neogene turbidite sequence attains a minimum
thickness of 850 m. Based on their age and sedimentology (as
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described in Lew, 1983) these sedimentary are similar to the Plio-
Pleistocene sedimentary rocks (Burica Member) found on the Burica
Peninsula.
Paleodepth estimates based on benthic foraminiferal assemblages
in five samples collected from the Pliocene sedimentary rocks of the Osa
Peninsula suggest that deposition took place at minimum water-depths of
200 m and probable water-depths of between 600-1,200 m (J. Ingle and
H. C.. Chou in Lew, 1983).
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5. REVIEW OF THE SHELF/SLOPE: WESTERN MARGIN OF
COSTA COSTA RICA
5.1 INTRODUCTION
During the Pliocene, the Burica, Osa, and Nicoya Peninsulas were
all at least partially submerged beneath minimum water-depths of 200 m.
These peninsulas now form broad, emergent, outer-forearc highs which
occupy a region between the landward arc and the offshore shelf and
trench slope (fig. 2). A fundamental question concerning the Costa Rica
convergent margin system is the geologic relationship between these
outer-forearc highs and the trench slope and shelf landward of the
Middle America Trench. I will first review what is known from marine
geological and geophysical studies about the shelf and slope along the
Pacific margin of Costa Rica. Observations on the shelf/slope region will
then be integrated with information on the peninsulas in an attempt to
identify the relationship between these two areas.
5.2 OFFSHORE SLOPE APRON
In 1977 and 1978 the University of Texas Institute for Geophysics
collected over 1,200 km of marine multifold seismic reflection profiles off
the western coast of Costa Rica. These data, including 7 dip lines and 3
strike lines crossing the inner trench slope and shelf landward of the
Middle America Trench, were first described by Buffler (1982). Since
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most of what is known about the margin offshore Costa Rica comes from
marine seismic reflection data I will adopt the terminology of Crowe and
Buffler (1983) throughout the following discussion. Despite its unknown
nature, origin, and age the term "accretionary complex" is used to refer to
the thick, wedge shaped zone of material beneath the slope
characterized by chaotic reflections and diffractions or, in places, poorly
defined, high amplitude discontinuous reflections (Crowe and Bufler,
1983). The lower boundary of this zone is the descending oceanic crust,
while the upper boundary is a strong irregular reflector/major
unconformity often characterized by diffraction hyperbola (Crowe and
Buffler, 1983). The term "slope apron" is used to refer to the thick,
layered section characterized by laterally continuous, or semi-
continuous, reflectors which overly the accretionary complex (Crowe and
Buffler, 1983).
The marine reflection data illustrates that a thick (up to 2,500 m),
relatively continuous slope apron overlies the accretionary complex (fig.
27). However, the general structure and slope apron distribution of the
landward trench slope/shelf area changes abruptly along strike with the
change apparently corresponding to a major tectonic boundary just
southeast of the Nicoya Peninsula (fault F 1 in fig. 27) which segments the
underriding oceanic crust and the overlying slope material (Crowe and
Buffler, 1983).
To the NW of F 1 the slope is fairly smooth and undisrupted (Buffler,
1982). In the vicinity and SE of F 1 the slope is very irregular and is
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Figure 27. Generalized isopach map of the offshore slope apron (1,000
m and 2,000 m isopachs shown; modified from Crowe and Buffler, 1985)
and relation to onshore Pliocene marine sedimentary (black) and pre-
Eocene mafic igneous basement (patterned) exposures. The thin dotted
lines represent ship tracks along which the multichannel seismic data
used to construct these isopachs were collected. Note the left-lateral
offset of the trench, and slope apron isopachs, along a major tear fault(?)
(F1) just east of the Nicoya Peninsula. Thinning and landward
displacement of the slope apron in an easterly direction from F 1 to the
Osa Peninsula is probably a response to subduction of the Cocos Ridge
as the outer-forearc region attempts to accomodate subduction of this
relatively bouyant, bathymetric high. The fact that the Osa and Burica
Peninsula lie within the easterly projection of the 1,000 m isopach
supports the interpretation that the thick turbidite sequence observed on
the Burica Peninsula (the Burica Member) is a trench-slope deposit. This
also suggests that the slope apron offshore is underlied by pre-Eocene
mafic igneous rocks similar to those constituting the basement of the
Burica, Osa, and Nicoya Peninsulas.
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characterized by large, uplifted blocks which have deformed the lower
slope sediments (fig. 28). East of F 1 the center of maximum slope apron
thickness thins and is located progressively landward along strike of the
margin (fig. 27). In addition, the trench loses its morphologic expression
east of F 1 as it shoals rapidly from a depth of 3,400 m to depths of less
than 1,500 m offshore the Osa and Burica Peninsulas (fig. 2).
5.3 AGE OF SLOPE APRON
The only age determinations for sedimentary rocks from the slope
apron offshore Costa Rica are from DSDP site 565 located approximately
40 km southwest of the Nicoya Peninsula on the lower slope of the
landward side of the Middle America Trench (fig. 27). 328 m of
sedimentary rock was drilled, falling an inferred 500 m short of the top of
the accretionary complex. A continuous section of Quaternary to latest
Miocene homogeneous, dark greenish gray mud (top of section) to
mudstone (bottom of section) was drilled with no reversal of faunas
observed (von Huene et al., 1985). It is important to note that site 565 is
located on a relative high between two submarine canyon systems (von
Huene et al., 1985). This may explain the lack of coarser-grained
sedimentary rocks in the cores. These sedimentary rocks are believed to
have been reworked during downslope mass wasting based on 1) the
presence of transported faunas, 2) their general homogeneous texture,
3) their lack of sedimentary structures, and 4) a penetrative "scaly" fabric
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Figure 28. Line drawing interpretation of multichannel seismic reflection
profiles NCY-5 (dip line; cc = change in course) and NCY-6 (strike line;
taken with permission from Buffler, 1982, see fig. 27 for location). Note
the large uplifted block deforming lower slope sediments (CDPIBOO-
- and the gently deformed nature of slope cover. The Pliocene
turbidite sequences found on the Burica and Osa(?) Peninsulas may
have been deposited within an upper slope basin similar to that
landward of the CDP 1800 (the uplifted block).
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(Baltuck et al., 1985). The age and nature of the inferred 500 m of
sedimentary rocks between depth sub-bottom and the top of the
accretionary complex is not known.
5.4 "BASEMENT'
One of the primary objectives of site 565 was to sample the
accretionary complex below the slope apron. However, due to safety
considerations, the hole was abandoned before reaching this objective.
Therefore, the nature, origin, and age of the "accretionary complex"
remains unanswered. The accretionary complex does contain layers of
high velocity (3.6 - 5.8 km/s) material (Crowe and Buffler, 1983), which
could represent either indurated sediments or layered volcanic
sequences. Shipley and others (1982) conclude that high velocity
bodies, such as oceanic crust fragments, are not present within the
seaward 15 km of the accretionary complex in the vicinity of line CR-7
because reflections from inferred top of oceanic crust can be traced
beneath this part of the slope region. Azema and others (1985), on the
other hand, suggest that the accretionary complex, which they refer to as
the "slope basement wedge", is equivalent to the Nicoya Complex
exposed on the Nicoya Peninsula based on 1) its high sonic velocity, and
2) the proximity between the onshore and offshore data.
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5.5 ONSHORE PUP-PLEISTOCENE MARINE DEPOSITS
Recent work conducted on the Osa (Lew, 1983) and Burica (this
study) Peninsulas may provide some insights on: 1) the style of
sedimentation along the Costa Rica landward trench- slope, and 2) the
nature of the "accretionary complex" beneath the slope cover. Figure 27
illustrates that the Osa and Burica Peninsulas are within the projected
eastward trend of the 1000 m isopach of the slope apron. On both the
Osa and Burica Peninsulas, a Plio-Pleistocene marine turbidite
sequence unconformably overlies a pre-Eocene basement consisting
predominately of aphanitic, mafic igneous rocks which I suggest is
equivalent to the Upper Nicoya Complex (Schmidt-Effing, 1980).
Foraminifera analysis on samples collected from the turbidite sequence
found on the Burica Peninsula (the Burica Menber) indicate that these
rocks were deposited at maximum water-depths of 2,000-3,000 m (J.
Ingle, written commun.; Appendix II.B) Furthermore, the sedimentology of
these turbidite sequences is consistent with the type of deposits expected
within a trench slope system (e.g. Underwood and Bachmann, 1982).
Based on this information I suggest that the Plio-Pleistocene turbidite
sequence found on the Burica and Osa(?) Peninsulas represent uplifted
inner trench-slope deposits, possibly deposited within an upper slope
basin similar to that observed between CDP's 1900 (NCY-SA) and 1600
(NCY-5B) along line NCY-5 (fig. 28).
This suggests that no accretionary complex exists beneath the
slope apron offshore, at least beneath, and landward of, the upper inner
trench slope. The offshore slope apron landward of the lower inner
trench slope is most probably underlain by mafic, igneous rocks similar to





Based on magnetic anomaly recostructions and the assumption
that the Cocos and Malepelo Ridges (fig. 1) were once continuous
features, Lonsdale and Klitgord (1978) suggest that the Cocos Ridge
encountered the subduction zone of the Costa Rica-Panama arc system
approximately 1 million years ago (Pleistocene time). Uplift of the Burica
and Osa Peninsulas is temporally and spatially (fig. 26) correlated with
subduction of the Cocos Ridge beneath this segment of the margin.
In order to evaluate a causal relationship between subduction of
the Cocos Ridge and uplift of the Osa and Burica Peninsulas three
questions will be addressed: 1) What is the crustal structure and
morphology of the Cocos Ridge?, 2) What is the magnitude of post-
Pliocene vertical displacements on the Nicoya, Osa, and Burica
Peninsulas?, and 3) What deformation was associated with post-
Pliocene vertical displacements along the margin?
6.1 The Cocos Ridge
The Cocos Ridge is a broad (200-300 km wide), relatively smooth
bathymetric high. Average relief of this feature above the off-ridge sea-
floor is 2.0-2.5 km. The age of oceanic crust being subducted in the
vicinity of the Cocos ridge is early to middle Miocene (15-20 m.y.8.P.)
(Hey, 1977). Marine seismic refraction studies indicate a crustal
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thickness of approximately 15 km beneath the Cocos Ridge (Bentley,
1974), which is substantially thicker than "normal" oceanic crust (7-8 km).
Gravity studies conducted in conjuction with these seismic refraction
studies suggest that the ridge is isostatically compensated (Bentley,
1974). Hey (1977) concludes that the Cocos Ridge represents a hotspot
trace developed on the Cocos plate as it passed over the Galapogos
hotspot (fig. 1).
6.2 Vertical displacement of outer-forearc hiahs
The approximate post-Pliocene vertical displacement of the Osa,
Burica, and southwestern Nicoya Peninsulas is constrained by
paleodepth interpretations of benthic foraminiferal assemblages from
Plio-Pleistocene marine strata cropping out in these areas. Paleodepth
determinations from the Burica Peninsula (by Dr. J. Ingle; appendix II.B)
suggest this area has undergone between 2-3 km of uplift since the
Pliocene. Foraminifera-derived paleodepth determinations from the
Pliocene Punta La Chancha Formation of Osa Peninsula (by Dr. J. Ingle
and H. C. Chou; in Lew, 1983) suggest that the Osa Peninsula has
experienced at least 600 m of uplift since the Pliocene, based on
analysis of five samples. Studies on the Pliocene marine sequence
exposed along the southeasternmost portion of the Nicoya Peninsula
indicate that this part of the peninsula has experienced approximately
300 m of post-late Pliocene uplift (McKee, 1985). The minimum, long-
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term rates of uplift for the southwestern Nicoya, Osa, and Burica
Peninsulas are: 0.19 mm/yr, 0.38 mm/yr, and 1.25 mm/yr, respectively.
6.3 Tectonic mechanism for margin uplift
Isostacv vs. Collisional effects
A cause of uplift of the Burica and Osa Peninsulas is simply the
post-Pliocene (Lonsdale and Klitgord, 1978), shallow subduction (20-
30°) of the Cocos Ridge beneath this segment of the margin. Along this
part of the margin, two possible end-member responses to subduction of
the Cocos Ridge could explain the observed vertical displacement of the
Burica-Osa outer-forearc highs: 1) thrust-imbrication, or "telescoping", of
the outer-forearc basement and cover in response to "strong coupling" of
the underriding Cocos Ridge with the overriding outer-forearc basement,
and 2) passive vertical displacement of the outer-forearc region in
response to unimpeded subduction of the topographically elevated,
relatively bouyant ridge beneath the margin.
Critical data, not available at present, for distinguishing the relative
importance of these two effects along southern Middle America margin
include information on: 1) the deep-structure of the outer-forearc wedge,
and 2) the orientation and displacement history (normal, reverse, or
strike-slip) along the major faults bounding the outer-forearc blocks, as
well as those found within these blocks (i.e. the MFZ).
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Geologic and Geophysical Evidence
Observations in support of a collisional responseof the margin to
Cocos Ridge subduction include: 1) the presence of thrust faults mapped
in the coast range, or Fila de Costena (Heywood, 1983) located
immediately arcward of the Osa Peninsula (the southwest boundary of
the Terraba Basin, location 3 of figure 3), 2) the apparent landward
displacement of the trench axis and maximum (2,000 m) slope apron
isopach offshore (fig. 27), and 3) opposed movement along the MFZ
(right-lateral) and F 1 (left-lateral) faults (fig. 27) which appear to be tears
that accomodate shortening in the overriding plate.
Observations which support a passive, or isostatic, response to
subduction of the Cocos Ridge include: 1) NE- and E-trending, conjugate
normal faults on the Burica Peninsula and NE-trending high-angle faults
along the Pacific margin of Costa (Fischer, 1980), 2) the lack of direct
evidence for post-Pliocene subhorizontal shortening on both the Burica
and Osa (Lew, 1983) Peninsulas, 3) the absence of structures indicative
of shortening on offshore multichannel seismic profiles along the
landward trench-slope and shelf in the vicinity of Cocos Ridge-arc margin
interaction (Buffler,l9B2; fig. 28), and 4) mass balance considerations of
the crustal column beneath the Burica Peninsula before, and after,
subduction of the Cocos Ridge (fig. 29).
An assessment of the isostatic response expected by subduction of
the Cocos Ridge beneath that part of the margin now occupied by the
Burica and Osa Peninsulas can be determined by considering the crustal
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Figure 29. Comparison of the density structure (black column) beneath
the Burica Peninsula before and after subduction of the Cocos Ridge.
Slab configuration for the Pliocene is based on the present configuration
beneath the Nicoya Peninsula (Burbach etal., 1984). Crustal thickness
beneath the Burica Peninsula is constrained by depth to the interplate
coupling zone (Adamek, 1986). The crustal thickness and density
structure of the Cocos Ridge is constrained by marine refraction studies
of this feature (Bentley, 1974). Sediment thickness of the Burica
Peninsula is from this study and paleodepth of the Burica Peninsula in
the Pliocene is from foraminifera-derived paleodepth determinations by
J. Ingle (Appendix II.B). Mantle and Burica sediment densities are those
believed to be representative after reviewing the literature. Assuming a
compensation depth of 100 km the amount of pure isostatic uplift
expected from replacement of normal oceanic crust by Cocos Ridge crust
is 2.35 km, which agrees well with the amount inferred from
Micropaleontology evidence (2-3 km). I believe that vertical bouyancy
forces best explain regional uplift of the Osa and Burica Peninsulas. The
lack of direct evidence for subhorizontal shortening on the Burica
Peninsula supports such a mechanism and argues against thrust
stacking or "telescoping" of the margin.
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column beneath the Burica Peninsula before, and after, subduction of the
Cocos Ridge (fig. 29). The magnitude of vertical displacement expected
by substituting normal oceanic crust with the crustal structure of the
Cocos Ridge is 2.35 km, if it is asummed that both the pre-Cocos Ridge-
subduction, and the post-Cocos Ridge-subduction, crustal profiles
beneath the Burica Peninsula are isostatically compensated at a depth of
100 km (fig. 29). The expected uplift for this simple mass balance
problem agrees well with the observed uplift of 2-3 km inferred from
foraminifera-derived, Pliocene paleodepths for the Burica Peninsula and
suggests that late Neogene uplift of the Osa-Burica area could be a
purely isostatic response to subduction of the Cocos Ridge.
Combined isostatic and collisional effects
Alternatively, the margin response could be somewhere in between
the purely collisional and passive responses discussed above. The
observed surface structures put few constraints on the nature of deeper-
seated deformation within the subduction complex below the peninsula.
Platt (1986) has concluded that extension in the upper portions of an
accretionary wedge can occur contemporaneously with deep-seated
shortening within an accretionary wedge (fig. sof Platt, 1986). Focal
mechanisms from three aftershocks associated with the 4/3/83
earthquake event (Ms = 7.3, d = 37 km) which occurred in the seismically
active Burica area are thrust events between depths of 10-20 km below
the Osa and Burica Peninsulas (Adamek, 1986), suggesting that
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shortening may be occurring along either the top of the descending plate,
or the base of the overriding plate.
Based on the size of the aftershock expansion area associated with
the 4/3/83 thrust event (Ms=7.3, d=26 km), Adamek (1986) suggests that
passage of the Cocos Ridge beneath the arc is marked by relatively
weak, inhomogeneous coupling (small aftershocks, large aftershock
expansion area) beneath the Osa-Burica outer-forearc region and
stronger, homogeneous coupling (main rupture, large moment release)
beneath the area arcward of these peninsulas. Adamek (1986) further
suggests that relatively strong coupling between the overriding and
underriding plate beneath the forearc region arcward of the Osa and
Burica Peninsulas may represent interaction between the subducted
portion of the Cocos Ridge and the crystalline basement of the arc.
This interpretation supports the idea that the Osa and Burica
Peninsulas are essentially detached blocks which may be accomodating
subduction of the Cocos Ridge by "riding over” it. Differential vertical
displacement histories between the Osa-Burica blocks and the adjacent
arc throughout the Cenozoic suggest that these outer-forearc blocks
acted independently of the rest of the arc. This is supported by: 1) the
lack Oligocene-Miocene sedimentary rocks (which attain thicknesses of
1-2 km in the adjacent forearc basin just arcward of these peninsulas (fig.
4)) on the Osa or Burica Peninsulas (Lew, 1983; Terry, 1941), and 2) the
absence of thick (800-3,000 m) Plio-Pleistocene "deep-marine"
sedimentary sequences arcward of these peninsulas. These
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independent displacement histories suggest that these outer-forearc
blocks are essentially detached from the arc and act as "bumper" zones
which absorb variations (i.e. bathymetric highs, changes in convergence
rate) associated with the subducting plate (Dalziel and Forsythe, 1985).
Effects of Cocos Ridae subduction on the Nicova Peninsula
Subduction of the Cocos Ridge is unlikely to have influenced uplift
of the southeastern portion of Nicoya Peninsula because: 1) the
northwesternmost extent of the interaction between the Cocos Ridge and
the trench is located approximately 160 km to the southeast of the Nicoya
Peninsula, and 2) a major tear in the Cocos Plate is located between the
Cocos Ridge and the Nicoya Peninsula (F 1 in fig. 28). The uplift of the
Nicoya Peninsula is apparently related to some other process. One
possibility is some type of underplating process. Active sediment
subduction in this area (Shipley and Moore, 1986) supports an
underplating mechanism for uplift of the Nicoya Peninsula.
6.4 Comparison with other ridge-arc interactions
The interaction of aseismic ridges and convergent margins typically
coincides with deviations in the "normal" mode of subduction for a
particular margin. Characteristics associated with the intersection of
aseismic ridges and various types of subducting margins include:
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1) gaps in the volcanic arc of the overriding plate (McGeary, et
al., 1985)
2) decreased frequency of large, shallow earthquakes with
thrust type mechanisms (Kelleher and McCann, 1976)
3) an anomolously shallow dipping seismic plane along the
projected extension of the ridge beneath the overriding
plate (Nur and Ben-Avraham, 1981)
4) indention cusps developed in arcs with marginal, back-arc
spreading centers (Vogt, et al., 1976).
5) a landward deflection of the trench, and a steepening of the
landward trench slope (McCann and Haberman, in press)
6) uplift of the forearc region (Taylor, 1984; McCann and
Habermann, in press)
With the exception of characteristics (2) and (4), each of the above
is associated with subduction of the Cocos Ridge beneath the southern
Middle America margin. Characteristic (4) is not expected because no
marginal, back-arc spreading center is associated with the Panama-
Costa Rica arc system. Kelleher and McCann (1976) attribute the
unexpected frequency of large, shallow events with thrust mechanisms to
the proximity of a major plate boundary (the Panama Fracture Zone, fig.
1), but give no explanation as to how this might influence the frequency
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of large thrust events. A brief description of the above characteristics
which are associated with subduction of the Cocos Ridge follows:
1) An approximately 200 km wide gap in the Quaternary
volcanic arc is found along the landward projection of the
Cocos Ridge (fig. 2).
3) No teleseismically recorded events are found at depths of
greater than 70 km landward of the Cocos Ridge (Burbach,
et al., 1984). In a study of the seismicity of the Cocos Ridge
region, Adamek (1986) estimated a 25° dip for the
interplate coupling zone in the Cocos Ridge region based
on events with mb > 5.1 from 1964-1985, and also found
no evidence for a clearly defined Wadati-Benioff zone.
5) The approximately 30 km landward deflection in the trend of
the inferred trench axis is associated with steepening of the
slope offshore the Osa and Burica Peninsulas (fig. 27).
6) This study documents that the outer-forearc region
landward of the Cocos Ridge has experienced uplift
related to subduction of the Cocos Ridge.
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7. CONCLUSIONS
Based on geologic field studies of the Burica Peninsula, and a
review of previous work conducted on the Nicoya and Osa Peninsulas,
and the offshore Costa Rica convergent margin region, the following
conclusions are drawn:
1) The Burica and Osa Peninsulas have acted as a discreet, single,
outer-forarc block during the late Neogene and experienced vertical
displacements independent of those experienced arcward of these
peninsulas.
2) The Plio-Pleistocene sedimentary rocks of the Burica Peninsula (the
Charco Azul Formation) represent a single transgressive-regressive
sequence which was strongly influenced by large (up to 3,000 m), late
Neogene, vertical displacements. The Charco Azul Formation is
divided, from the base upward, into three members: the Penitas
Member, the Burica Member, and the Armuelles Member. The
Penitas (<3OO m thick) and Armuelles (<2OO m thick) Members consist
predominately of shallow-marine siltstones and sandstones (Olsson,
1942a), possibly deposited in a shelf environment. The Burica
Member makes up the thick middle section of the Charco Azul
Formation and consists of over 2,000 m of interbedded volcaniclastic
conglomerates, sandstones, and mudstones, although only two
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lithofacies predominate: 1) resedimented conglomerates, and 2) fine-
grained volcaniclastic turbidites. Lateral and vertical turbidite facies
associations, paleocurrent and paleoslope data, and foraminifera-
derived paleo-water depths from this member, as well as the spatial
relation between the Burica Peninsula and the trench slope region,
suggest that the Burica Member was deposited within a trench-slope
environment.
3) A comparison of stratigraphic columns (fig. 26) from the Nicoya, Osa,
and Burica Peninsulas and DSDP site 570 drilled off the coast of
Guatemala (fig. 2) provides some insights on the possible nature of
the subduction complex offshore Costa Rica. At all four sites
Neogene sediments and sedimentary rocks unconformably overlie
older sediments, or the basement complex, indicating that the event
responsible for this unconformity was regional rather than local in
nature. Furthermore, at all four sites the basement is found to consist
of basic to ultrabasic igneous rocks. Based on these observations,
and the fact that the Osa and Burica Peninsulas are found within the
eastward projection of the offshore 1,000 m slope apron isopach (fig.
27), I suggest that: 1) the Plio-Pleistocene turbidite sequences found
on the Osa and Burica Peninsulas represent exposed sections of the
slope apron imaged offshore, and 2) the rocks underlying the offshore
slope apron in the upper trench slope region are mafic, igneous rocks
similar to those which form the basement of the Burica, Osa, and
Nicoya Peninsulas (the Nicoya Complex), rather than accreted
sedimentary rocks.
4) Foraminifera-derived paleodepth determinations from the Neogene
sedimentary record on these peninsulas indicates that the outer
forearc region of the Costa Rica-Panama arc system has experienced
substantial vertical movements during Neogene time. Based on
stratigraphic and paleontologic evidence a minimum constant uplift
rate of 1.25 mm/yr over the past 2 m.y. is derived for the Burica
Peninsula. The magnitude of uplift of the Osa Peninsula is poorly
constrained, but appears to have been >6OO m (Lew, 1983). The
magnitude of late Neogene uplift of the Nicoya peninsula (300 m), is
less than that observed on the Burica and Osa Peninsulas.
5) The most recent, Late Neogene phase of uplift of the Osa and Burica
peninsulas is spatially and temporally correlated with underthrusting
of the aseismic Cocos Ridge beneath this part of the Middle America
convergent margin. I attribute Late Neogene uplift of the Osa and
Burica Peninsulas to subduction, or attempted subduction, of the
Cocos Ridge beneath this part of the arc sytem (fig. 29). Vertical
displacement expected for isostatic adjustments following the change
in crustal structure beneath the Burica Peninsula after Cocos Ridge
subduction (2.4 km) agrees with the observed displacement (2-3 km).
Normal faults and the lack of direct evidence for regional
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subhorizontal shortening on the Osa and Burica Peninsulas is
consistent with uplift occurring primarily as an isostatic response to






Figure 30. Location of sandstone samples used for petrographic





















































































































































































































































































































































































































































































































































































































































































































































FORAMINIFERA BASED AGE AND ENVIRONMENTAL
DETERMINATIONS BY AMOCO PRODUCTION CO.
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Figure 31. Location of samples collected for foraminiferal analysis
conducted by Amoco Production Co.
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Sample Planktonic Environmental Env.
Number Age Foram Zone* Interpretation Zone
JC-85-4 ?Pliocene- 7N20/21-R Outershelf or Deeper 3-4
Recent
JC-85-7 Pliocene- N2O/21-R Outershelf 3
Recent
JC-85-9 undetermined unfossiliferous UNF
JC-85-10 Pliocene- N2O/21-R Outershelf/Slope 3-4
Recent
JC-85-19 ?Tertiary undetermined ?
JC-85-27A ?Tertiary Outershelf or Deeper 3-4
JC-85-278 ?Tertiary Outershelf or Deeper 3-4
JC-85-28 TTertiary Outershelf or Deeper 3-4
JC-85-32 undetermined unfossiliferous UNF
*(W.H. Blow Zonation, 1970)
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Discussion:
Age dates were assigned using diagnostic planktonic foraminifera when
possible. Because of the poor preservation and low planktonic diversity,
some general age ranges were tentatively assigned. These were based on
similarities observed between benthonic assemblages. In all samples,
the benthonic forams showed close affinities to Pacific forms especially
Miocene and Pliocene species of California. Environmental zone codes
shown are from the standard zonation system as used in the Gulf Coast.
Sample JC-85-4: The entire fauna exhibits poor preservation. Planktonics
are rare. The presence of wood fragments and "weathered" benthonics,
suggests this sample might be reworked. This sample contains abundant
large costate Bolivinas, not noted in the other samples. Also present
are common Uvigerina spp., Gyroidina cf. venezuelana, Cassidulina aff.
schuermanni, Globocassidulina subglobosa and Cancris sp.. The occurrence
of 3 specimens of Globigerina subcretecea (N2O/21-R) possibly suggests
an Early/Late Pliocene to Recent age range.
Globigerina subcretecea is significant in several of the Panama
samples. However, it should be noted, its exact range is not firmly
established. Its lower range is either Early or Late Pliocene (N2O/21)
(Bruce Masters).
Sample JC-85-7: This sample contains a diverse, outershelf fauna.
Significant benthonics include Cassidulina californica, Epistominella
smithi, Hoeglundina cf. elegans, Bolivina cf. aenariensis, Cibicides cf.
ornata, Trifarina cf. carinata, Uvigerina peregri na and Uvigerina cf.
juncea. Globigerina subcretecea (N2O/21-R) is common in this sample.
This species restricts the age range from Pliocene to Recent. Also
present is the left coiling form of Globorotalia menardii (Nl2-R).
Sample JC-85-10: The fauna in this sample is closely related to
sample JC-85-7. The assemblage appears to be slightly deeper and more
diverse, suggesting an outershelf or slope environment (Zone 3-4).
Some species appear to be variants of those noted in sample JC-85-7.
Significant species are Globocassidulina subglobosa, Bulimina
hebespicata, Bolivina aff. aenariensis, Eponides cf. umbonatus,
Uvigerina peregrina and Uvigerina cf. juncea. The planktonics are
the same as in sample JC-85-7 with the addition of Globorotalia
scitula (N9-R).
Sample JC-85-19: This sample contains extremely rare forams. An age
of Tertiary is suggested by its possible affinity to sample JC-85-10.
Sample JC-85-27A: This sample contains no planktonic forams. However,
a good benthonic assemblage suggests an outershelf or slope, Tertiary
fauna. Significant species are Bulimina hebespicata, Epistominella smithi,
Globocassidulina subglobosa, Cibicides cf. floridanus, Cassidulina laevigata,
Bolivina plicatella, Bolivina cf. pseudospissa, Uvigerina cf. bradyana,
Cancris sp. and Uvigerina cf. senticosa. Two specimens of Norn on pompiliodes
were noted.
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Sample JC-85-278: This sample had extremely poor foram recovery. The
fauna suggests a similarity to sample JC-85-10. It appears to be an
outershelf or deeper assemblage. No planktonics were recovered.
Sample JC-85-28: Fossils in this sample were also very rare. No
planktonics were noted. The benthic assemblage shows an affinity to









EXCERPTS OUT OF LETTER FROM DR. J. C. INGLE
(STANFORD UNIVERSITY) CONCERNING ANALYSIS
OF FORAMINIFERA ON APPROXIMATELY 50 DISTRIBUTED SAMPLES
FROM THE BURICA MEMBER, CHARCO AZUL FORMATION
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The University of Texas at Austin
Austin, Texas 78751-2789
Dear Jeff:
Department ok Geolooy •
School of Bartii Sciences
1-413! -4517-2337
I visited the Burica Peninsula in the Spring of 1980 with one of my
graduate students, Javier Helenes. We spent about a week describing and
sampling the coastal section between Burica Point and Port Armuelles.
Upon my return, I sent a rough stratigraphic column to Gregorio Escalante
who rightly pointed out that my stratigraphic thicknesses were likely
too great and that the structure of the section precluded a simple in-
terpretation—similar to your own views. Despite the thickness problem,
I have proceded to workup the faunas from both the Charco Azul and the
Armuelles formations and we are just now taking SEM micrographs of the
key species. Results to date indicate that my stratigraphically lowest
sample at Burica Point is no older than Pliocene despite early reports
of Miocene mollusks in the "Burica Point Sandstone" by Olsen. Alter-
nately, the upper portions of the Charco Azul and overlying Armuelles
formation are Pleistocene in age. Benthonic foraminiferal faunas from
the base-of-slope deposits in the lower section were deposited at water
depths of 2000 to 3000 m whereas the upper portions of the sequence were
deposited at depths of less than 1500 m with obvious implications for
significant rates of uplift and flexing of the margin in Pleistocene-
Holocene time. I presented a preliminary paleobathymetric and depo-
sitional history for the Burica sequence at the 1984 Rubey Colloqium
at U.C.L.A. as part of a summary of Neogene basin histories along the






CONDUCTED BY AMOCO PRODUCTION CO.





Ref. Palynological analyses of selected Panamanian samples
Eleven outcrop samples collected by Jeff Corrigan (noted herein as JC) were analyzed
for palynomorphs. Two of these (JC-85-9, Paly. Mac. No. 24702; JC-85-9, Paly.
Mac. No. 24707) were barren of palynomorphs. The age significance of these
palynomorpns were discussed with Tulce-Research Center palynologists working
the Tertiary-Quaternary from the general geographic area. All assemblages contain
taxa presently known to range mainly from the Miocene to Recent. Several taxa
used by Amoco as acme zone or "base" markers were recovered; however, the
absence of a continuous sequence of samples does not allow a specific age-date
to be applied. All samples contained palynomorph taxa that are undescribed and
whose age significance is unknown at this time. The attached is a general synopsis
of productive samples including characteristic palynological taxa. Because most
of these samples yielded well preserved and often abundant palynomorphs they






COLL, no. paly, kac. no. palynohorph taxa
(Jeff Corrigans ( + comments if applicable)
sampling scheme)
JC-85-4 24705 Verrumonoletes sp.
Perisyncolporites pokornyi
Pollen of Bombacaceae.
Pollen of Gramineae (grasses)
Pollen (polyads) from Acacia or Mimosa
Microthyrium sp. (fungal remain)
Spiniferites sp.*



















COLL. MO. PALY. MAC. NO. PALYNOMORPH TAXA
(Jeff Corrigans (+ counts if applicable)sampling scheme) K '




JC-85-27A 24710 Hemetelia sp. (Amoco taxon)
Verrucatosporites usmensis
JC-850278 24711 Verrucatosporites usmensis




Multispinula quantra (cyst of Protoperidinium
conicumj*











DETERMINATIONS OF ORGANIC CARBON CONTENT
CONDUCTED BY AMOCO PRODUCTION CO.
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Figure 32. Location of samples collected for vitrinite reflectance and
organic content analysis conducted by Amoco Production Co.
Panama Samples collected by Jeff Corrigan
Twelve samples were submitted for vitrinite reflectance analyses and
determination of organic carbon content- Results are as follows:
Your Spl. # Avg. % Rn Vol. Org. (ml.)
JC-85-4 .18 to .4 Weathered Large woody chunks, no measurement
JC-85-7 .2 to .4 Weathered 1.1
JC-85-9 .2 to .3 Large woody chunks, no measurement
JC-85-10 .2 to .3 1.9
JC-85-19 All modern fungal spores 0.5
JC-85-27-A .2 to .3 3.5
JC-85-27-B .2 to .3 2.9
JC-85-28 .2 to .3 3.0
JC-85-32 .2 to .3 1.5
All other samples are of little to no worth and may or mey not even represent
"bedrock". We have been provided no geologic data, and have no knowledge
of the area; thus, logical and accurate interpretations on those samples would
be unlikely.
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